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PREFACE. 


The  works  of  Mr.  Henry  Law  and  Mr.   George  R. 
Bumell  on  Civil  Engineering,  and  specially   on  Hy- 
draulic EDgineering,  first  published  about  thirty  years 
ago,  have  enjoyed  an  enduring  reputation.     But  many 
changes,  and  many  advances,  have  been  made  in  the 
interval,  if  not  so  much  in  the  principles,  certainly  in 
the  practical  development,  of  Works  of  Engineering ; 
and  the  publishers  have  been  induced  to  submit  to  me 
those  treatises  for    revision,  with   instructions,  at  the 
same   time,  to  expand  and  to  supplement  them  with 
material    embracing    the    most    modem    practice    of 
engineers. 

The  range  of  Civil  Engineering  practice  is  indi- 
cated by  the  Synopsis  of  the  Science  of  Civil  Engi- 
neering, contained  in  the  opening  chapter  of  Mr.  Law's 
Work ;  and,  though  Civil  Engineers  are  supposed  to 
be  required  to  know  everything  comprised  in  that  ex-, 
haustive  analysis,  he  wisely  circumscribed  his  work  by 
confining  his  attention,  for  the  most  part,  to  what  are 
specifically  known  as  Works  of  Construction.  He 
introduced,  it  is  true,  an  exceptionally  detailed  account 
of  the  locomotive  engine.  Mr.  Bumell,  again,  ^\afc«i- 
rated  the  scientific  elementa  of  hydraulic  engim^TOx.^ 
in  Chapters  on  Water  and  Air,  at  rest  and  vn  TnaVKovv, 
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and  on  applied  Chemistiy.  Fitting  and  appropriate  as 
such  discursive  matter  was,  no  doubt,  to  the  objects 
of  the  Rudimentary  Treatise  of  the  period,  I  have 
thought  it  advisable,  in  the  preparation  of  the  present 
edition,  to  eliminate  them  and  some  other  chapters  of 
digressive  matter — as  well  as  to  omit  for  the  most  part 
such  portions  of  the  text  as  had  been  rendered  obsolete 
by  the  advanced  practice  of  construction,  or  by  the 
efEacement  of  the  subjects  themselves. 

Taking  advantage  of  the  very  considerable  excisions 
recommended  by  the  lapse  of  time  and  the  change  of 
conditions,  I  have  supplemented  the  original  text  by 
types  of  modem  practice,  selected  for  the  sake  of 
the  instruction  to  be  derived  from  the  study  of  such 
works,  as  well  as  for  the  purpose  of  exhibiting  the 
best  practice  of  more  recent  times.  I  need  but  refer 
to  the  entirely  new  Chapters  on  the  following  sub- 
jects, with  others: — On  the  Methods  of  Forming 
Foundations,  on  Pavements,  on  Railways,  Tramways, 
Bridges,  Tunnels,  Sea  Defences,  Embankments,  Break- 
waters, Piers,  Quay- Walls  and  Dock- Walls,  Docks, 
Waterworks,  Drainage  of  Towns — as  indications  of  the 
extensive  revision  which  the  combined  works  of  Mr. 
Law  and  Mr.  Buimell  have  undergone,  and  of  the 
entirely  new  matter  which  has  been  introduced.  These 
subjects  strikingly  illustrate  the  definition  of  the  pro- 
fession of  the  Civil  Engineer,  written  many  years  ago 
by  Mr.  Tredgold,  and  adopted  by  the  Institution  of 
Civil  Engineers  in  their  charter — "  the  art  of  directing 
the  great  sources  of  power  in  nature  for  the  use  and 
convenience  of  man." 

And  here  it  is  my  duty  to  acknowledge  the  aid 
which  I  have  derived  from  the  Minutes  of  Proceed- 
ings of  the   Institution   of  Civil   Engineers,   in   the 
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preparation  of  many  portions  of  the  new  matter ;  and 
also  the  courtesy  of  the  Council,  through  their  able 
and  highly-appreciated  Secretary,  Mr.  James  Forrest, 
in  supplying  copies  and  duplicates  of  many  of  the 
papers  and  illustrations  in  the  Minutes,  for  the  purpose 
of  tliis  work. 

The  new  matter  which  I  have  contributed,  amounting 
to  upwards  of  two  hundred  and  ninety  pages,  is  inter- 
^rsed  throughout  the  original  text,  and  is  dis- 
tinguished by  bracket  enclosures. 

D.  K.  CLARK. 
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THE  RUDIMENTS 

OF 

CIVIL    ENGINEERING. 


INTRODUCTION. 
ELEMENTARY  PRINCIPLES  AND  CONSTRUCTION. 


CHAPTER  I. 

THE  BUSINESS  OF  THE  CIVIL  ENGINEER. 

The  office  of  the  Civil  Engineer  consists  in  the  designing, 
arrangement,  and  construction  of  all  works,  structures,  or 
machines  which  require  the  immediate  superintendence  of  a 
person  acquainted  with  the  principles  and  practice  of  con- 
struction. 

Civil  Engineering  is  one  of  those  branches  of  knowledge 
which  properly  take  their  places  both  amongst  the  sciences 
and  the  arts ;  for  a  science  consists  of  a  collection  of  general 
principles  or  truths  relating  to  any  particular  subject,  while 
an  art  is  the  application  of  those  principles  to  practice,  for 
the  purpose  of  effecting  some  particular  object.  The  Science 
of  Civil  Engineering,  then,  informs  us  of  the  general  prin- 
ciples of  mechanics  and  construction,  and  teaches  us  in  what 
way  to  ascertain  the  strains  to  which  every  part  of  a  ftttuc- 
tuie  will  be  exposed,  and  of  the  dimensions  ani  "ij^tOYO^NAOTv^ 
wAj'cA  should  be  given  to  each,  in  order  ttial  ttie^  txak^  ^^ 
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able  to  sustain  such  strains  without  injury.  And  the  Art  of 
Civil  Engineering  consists  in  the  application  of  these  princi- 
ples to  the  actual  construction  of  various  works,  and  their 
judicious  use  and  modification  to  meet  the  several  contin- 
gencies which  arise  in  practice. 

The  duty  of  the  Civil  Engineer,  embracing,  as  it  does, 
almost  every  kind  of  construction,  requires  a  very  extensive 
and  general  acquaintance  with  most  other  sciences,  in  order 
to  qualify  him  for  successfully  accomplishing  the  various 
works  upon  which  he  may  be  engaged,  and  of  overcoming 
those  difficulties  which  frequently  start  up  unexpectedly  in 
the  progress  of  a  work,  and,  but  for  the  knowledge,  talent, 
and  perseverance  of  the  Engineer,  threaten  the  ultimate 
success  of  his  endeavours.  It  is  only  necessary  to  take  a 
glance  at  the  list  of  works  upon  the  construction  of  which 
the  Engineer  is  engaged — Railways,  Roads,  Canals,  Rivers, 
Harbours,  Docks,  Breakwaters,  Bridges,  Tunnels,  and  many 
others — to  obtain  at  once  an  idea  of  the  extent  of  the  sub- 
jects which  his  knowledge  ought  to  comprise ;  and  further, 
of  the  immense  importance  of  his  professional  labours  to  his 
fellow  men. 

The  following  classified  arrangement  of  the  several 
branches  of  Civil  Engineering,  with  their  subdivisions,  will 
not  only  serve  to  show  the  extent  of  this  science,  but  will 
guide  the  Engineering  student  in  pursuing  a  systematic 
scheme  in  the  attainment  of  his  professional  knowledge, 
the  importance  of  which,  both  in  facilitating  its  acquisition 
and  in  impressing  it  upon  the  memory,  are  too  well  known 
and  too  generally  admitted  to  require  any  enforcement. 
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SYNOPSIS  OF  THE  SCIENCE  OF  CIVIL 

ENGINEERING. 

I.— MENSURATION. 

1.  SuBVETixo: — (1.)  Description  of  iiiBtniments,  and  their  use  and 

adjustment. — (2.)  Surveying  in  general. — (3.)  Trigonometrical 
surveying. — (4.)  Hydrographical  surveying. — (6.)  Mining  sur- 
veying. 

2.  Levelling  : — ( 1 . )  Levelling  instruments,  their  use  and  adjustment. — 

(2.)  Practice  of  levelling. — (3.)  Measuring  heights  with  the 
barometer. 

3.  Drawing    and    Plotting  : — (1.)    Instruments    for  drawing  and 

plotting,  their  use. — (2.)  Plotting  surveys,  and  making  plans. — 
(3.)  Plotting  levels,  and  making  sections. — (4.)  Preparing  Par- 
liamentary plans  and  sections. — (5.)  Preparing  working  and  con- 
tract plans  and  sections. — (6.)  Preparing  detail  drawings  of  works 
(bridges,  &c.) — (7.)  Making  mechanical  drawings. — (8.)  Princi- 
ples of  projection,  perspective,  and  shadows. 

4.  Estimating: — (I.)  Taking  put    quantities   from    drawings.— (2.) 

Measuring  quantities  from  the  works  themselves.— (3.)  Measuring 
artificers*  work. — (4.)  Calculating,  measuring,  and  valuing  eai'th- 
work. — (6.)  Estimating  value  or  cost  of  works. 
6.  Setting  out  Works  : — (1.)  Centre  lines  and  side  widths  of  rail- 
ways, roads,  canals,  &c. — (2.)  Setting  out  bridges,  viaducts,  walls, 
&c. — (3.)  Setting  out  tunnels  and  driftways. 


IL— GENERAL  CONSTRUCTION. 

1.  Statics: — (1.)    Composition    and    resolution    of    pressures. —  (2.) 

Moments  of  pressures. — (3.)  Parallel  pressures,  and  the  centre  of 
gravity. 

2.  Stability  op  Structures: — (1.)  General  conditions  of  stability. — 

(2.)  Stability  of  polygonal  framings. — (3.)  Equilibrium  of  arches. 
(4.)  Stability  of  abutments  and  piers. — (o.)  Stability  of  retaining 
walls. — (6.)  Equilibrium  of  suspension  bridges. 

3.  Strength  of  Materials: — (1.)  To  resist  a  tensile  and  crushing 

strain. — (2.)  Elasticity  and  elongation  of  bodies  subject  to  a  ten- 
sile or  crushing  strain. — (3.)  When  subjected  lo  «l  Xxaassew^i 
■train.— ^^.^  Elasticity  and  deflection  oi  boOiiea  ttvi[V>\Q<i\^  \iS>  ^ 
tmasvoiae  alram,^(o.)  To  resist  torsion. 
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4.  Materials  employed  in  Constructiow: — (1.)  Metals. — (2.)  Tim- 

ber.— (3.)  Natural  stones. — (4.)  Artificial  stones,  including  bricks, 
concrete,  and  the  various  cements  used  in  masonry. — (5.)  Mate- 
rials for  earthwork,  such  as  embankments,  puddled  banks,  dams, 
&c. — (6.)  Materials  for  roads  and  pavements. — (7.)  Materials  for 
covering  roofs. 

5.  Different    kinds    of    Construction: — (1.)  Brickuvork.  —  (2.) 

Masonry. — (3.)  Forming  foundations. — (4.)  Carpentry. 

6.  AuxiLiARS  employed   in  Construction: — (1.)  Scaffolding,  fixed 

and  travelling.— (2.)  Centerings. — (3.)  Cofferdams. 


Ill  —MECHANICS,  OR  CONSTRUCTION  OF  MACHINERY. 

1.  Dynamics: — (1.)  Vis  viva,  momentum,  and  work. — (2.)  Motion, 

uniform,  accelerated,  or  retarded ;  gravitation. — (3.)  Collision  and 
impact  of  moving  bodies. — (4.)  Motion  down  inclined  planes,  and 
curves. — (5.)  Motion  about  fixed  centres;  centres  of  percussion, 
oscillation,  and  gyration. 

2.  Moving  Forces  :— (1.)  Water  as  a  mechanical  agent. — (2.)  Air  as  a 

mechanical  agent. — (3.)  Animal  strength  as  a  mechanical  agent. 
(4.)  Heat  as  a  mechanical  ag^nt ;  the  steam  engine. 

3.  Resistances    to    Motion  :— (1.)  Friction. — (2.)  Resistance  of  the 

medium  through  which  the  body  moves. 

4.  Theory  of  Machines: — (I.)  Elements  of  machinery. — (2.)  Teeth 

of  wheels,  racks,  and  pinigna. — (3.)  Transmission  of  work  by 
machinery. — (4.)  Determining  the  modulus  of  a  machine  in 
motion. — (6.)  Mechanical  expedients  for  transmitting  or  changing 
motion. — (6.)  Proportioning  the  strength  and  dimensions  of  ma- 
chinery. 
6.  Machines  employed  in  Enoinebrinq: — (I.)  Machines  employed 
for  transporting  aind  raising  materials,  such  as  crabs,  cranes, 
dredging  machines,  &c. — (2.)  Machines  employed  in  actual  con- 
struction; such  as  pile-4riving  engines,  excavating  machines, 
pumps,  diving-bells,  pug  and  cement  mills,  &c. — (3.)  Machines 
for  working  upon  materials ;  such  as  lathes,  boring,  planing,  mor- 
tising, riveting,  and  screw-cutting  machines,  saws,  &c. — (4.)  Im- 
plements and  tools  for  excavating)  boring,  working  in  wood, 
metals,  stones,  &c. 


IV.— SPECIAL  CONSTRUCTIOJN. 

Common  Roads: — (1.)  Principles  whicTi  diould  control  the  selec- 
iion  of  route, — (2,)  Laying  oat  roadft,  and.  «xiaxvsQ^xQ.<^  q1  \gc^. 
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dients. — (3.)  Constmctioxi  of  roads.~(4.)  Draining  roads. — (5.) 
Repair  of  roads. — (6.)  Protecting  their  surface  by  different  kinds 
of  pavement. 

2.  Railways  : — (I.}  Principles  which  should  determine  the  route,  and 

the  general  arrangement  of  the  curves  and  gradients. — (2.)  Dif- 
ferent systems  of  haulage,  the  locomotive,  the  atmospheric,  and 
the  rope. — (3.)  Of  the  general  construction  of  the  railway. — (4.) 
Of  the  permanent  way,  different  forms  of  rails,  switches,  &c.^ 
(5.)  Of  draining  the  line,  and  maintaining  the  slopes  and  per- 
manent way. — (6.)  Arrangement  of  termini  and  stations. — (7.) 
Construction  of  engines  and  carriages.  (8.)  System  of  working 
the  line. 

3.  Canals  : — (1.)  Principles  which  should  determine  the  choice  of  the 

line  of  a  canal.— (2.)  Arrangement  of  levels,  ntmiber  of  locks, 
and  form  of  section. — (3.)  General  construction  of  canals.— (4.) 
Arrangement  of  locks,  means  of  saving  water,  and  obtaining 
feeders. — (5.)  Methods  of  propulsion  or  towing,  and  resistance  on 
canals. — (6.)  Construction  of  aqueducts.— (7.)  Repair  and  preser- 
vation of  cimals. 

4.  Harbours  and  Docks: — (1.)  On  the  construction  of  piers,  break- 

waters, and  quay  walls. — (2.)  On  the  means  of  deepening  harbours, 
by  dredg^g  or  excavation. — (3.)  Selection  of  site  for  docks,  and 
their  arrangement. — (4.)  Construction  and  arrangement  of  locks ; 
.  cast  iron  and  timber  gates,  sluices,  &c. — (5.)  Construction  of 
dock  walls. 

6.  Bridges  :— (I.)  Selection  of  site,  and  determination  of  the  kind  of 
bridge. — (2.)  Construction  of  stone  and  brick  bridges. — (3.)  Con- 
struction of  iron  and  timber  bridges.— ^4.)  Construction  of  sus- 
pension bridges. — (6.)  Construction  of  railway  viaducts. — (6.)  Of 
forming  the  foundations  of  bridges. 

6.  Tunnels:— (1.)  Determination  of  the  form  and  dimensions  of  the 
tunnel.— (2.)  Method  of  excavating  and  securing  the  groimd.— (3.) 
Sinking  shafts,  and  driving  headings  or  driftways. — (4.)  Method 
of  draining  the  tunnel. — (5.)  Subaqueous  tunnels. 


v.— HYDRAULIC  ENGINEERING. 

1.  Hydraulics: — (1.)    The    science    of    hydrostatics. — (2.)    Hydro- 

dynamics.— (3.)  Pneumatics. 

2.  Drainaob  and  Irrigation: — (I.)  Drainage  of   open  coiuitr^  vi\!^ 

agricultural  districts.— ^2.^  Improvement  oi  oulialL,  Wi^  ^vemioti  - 
ot  water  from  other  district8.~(3.)  Snrface-diainm^,  caXOtv- 
water  drama,  and  un(fer-drainin^.— (4.)  Drainage  ol  \>o«^  «£^^ 
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marsh  lands. — (5.)  Of  warping  up,  and  reclaiming  lands  from  the 
sea  and  rivers. — (6.)  Drainage  of  towns. — (7.)  Form,  dimensions, 
and  declivity  proper  for  sewers. — (8.)  Of  the  collection  and  dis- 
posal of  the  sewage. 

3.  Supply    op    Water    to  Towns: — (1.)  Principles  which  shotild 

guide  the  choice  of  the  means  of  supply. — (2.)  Diflferent  sources  of 
supply:  from  the  watershed  of  the  country,  from  springs  and 
Artesian  wells,  or  from  large  rivers. — (3.)  Means  of  estimating  the 
quantity  required,  and  of  ascertaining  the  probable  supply,  and 
the  quality  of  the  water. — (4.)  Systems  of  supply ;  the  constant,  or 
high  pressure  sjrstem,  and  the  intermittent. — (6.)  Selection  of  site 
for  reservoirs. — (6.)  Construction  of  reservoirs. — (7.)  Contrivances 
for  raising  the  water  to  the  level  of  the  high  reservoirs. — (8.)  Of 
the  means  of  filtering  and  purifying  the  water,  and  of  the  con- 
struction of  the  filter  beds. — (9.)  Of  the  motion  of  water  in  pipes, 
and  their  discharge. 

4.  Marine  Enoinberino: — (1.)  Action  of  waves  and  currents,  their 

modification  by  the  contour  of  the  shore,  and  the  depth  of  water. 
(2.)  Their  action  on  the  shore,  on  beaches,  on  vertical,  sloping, 
and  curved  walls,  and  generally  on  any  obstacle. — (3.)  On  the 
regime  of  coasts,  and  their  preservation. — (4.)  Construction  of  sea- 
walls, embankments,  breakwaters,  piers,  and  other  structures  ex- 
posed to  the  action  of  the  sea,  more  particularly  as  regards  their 
form. — (5.)  Principles  which  should  determine  the  selection  of 
the  site  for  a  harbour,  and  the  arrangement  of  its  form. — (6.)  On 
the  causes  which  produce  shoals  and  bars. — (7.)  Means  of  keeping 
harbours  free  from  such  obstructions,  or  of  removing  them  where 
already  existing. — (8.)  On  the  improvement  of  harbours  and  sea 
channels. 
6.  Improvement  of  Rivers: — (1.)  On  the  tidal  wave  at  the  mouth  of 
rivers,  and  its  modification  in  passing  up  the  river. — (2.)  Principle 
of  the  conservation  of  tidal  force. — (3.)  On  the  antagonist 
agencies  of  the  tide  and  land  waters  in  rivers ;  and  the  means  of 
determining  which  of  these  should  be  assisted ;  of  the  regime  of 
rivers. — (4.)  On  the  form  of  the  shore-line  of  rivers,  and  their 
improvement. — (5.)  Of  the  junction  of  rivers. — (6.)  On  the  velo- 
city of  the  stream,  its  scouring  and  transporting  power,  compared 
with  the  nature  of  its  bed. — (7.)  Effects  of  projections,  irregu- 
larities, and  obstructions,  such  as  dams  and  weirs. — (8.)  Of  the 
formation  and  removal  of  shoals;  their  causes;  of  artificial 
scouring  and  sluicing. — (9.)  Of  the  shoals  formed  at  the  mouths  of 
rivers,  their  CBuae  and  prevention. 
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VI.— SCIENCES  COLLATERALLY  CONNECTED  WITH 

ENGINEERING. 

Somatology,  oh  the  pro-    \ 
pe&ties  op  matter. 


2.  Chemical  Philosophy. 

3.  Geology  and  Mineralogy. 

4.  Natural  History. 

6.  Physical  Geography,  and 
Hydrography. 

6.  Mathematics. 

7.  AcorsTics. 


Of  all  these  Scionces  a  certain 
amount  of  knowledge  is  required 
by  the  Civil  Engineer ;  but  of  some 
more  than  of  others,  depending,  in 
a  great  measure,  upon  those  par- 
ticular branches  of  the  profession  to 
which  he  may  more  exclusively 
direct  his  attention. 


The  foregoing  tabular  view  only  comprises  those  branches 
which  may  be  said  to  form  actually  a  portion  of  the  science 
of  Civil  Engineering,  but  is  far  from  including  every  subject 
with  which  the  engineer  should  be  conversant. 

The  limits,  and,  in  fact,  the  object,  of  the  present  work 
are  incompatible  with  a  strict  adherence  to  the  above  classi- 
fied arrangement  of  the  subject ;  and  it  will  therefore  be 
seeir  that  we  hare  omitted  altogether  mention  of  some  of 
the  matters  included  in  the  foregoing  table,  and  that  in  other 
cases  we  have  deviated  from  and  modified  the  method  of 
treating  the  subject. 


CHAPTER  II. 

MATERIALS  EMPLOYED  IN  CONSTRUCTION. 

The  principal  materials  made  use  of  by  the  civil  engineer 
for  the  purpose  of  construction  may  be  classified  as 
follows  : — 

1.  Metals. 

2.  Timber. 

8.  Natural  stones. 

4.  Artificial  stones,  including  bricks,  and  the  different 
kinds  of  mortars  and  cements  used  in  masonry. 

Before  describing  the  principal  properties  of  each  of  the 
classes  of  materials,  it  will  be  desirable  to  consider  briefly 
the  subject  of  their  strength,  and  to  explain  the  circum- 
stances which  affiect  the  same. 

Strength  of  Materials. 

The  strength  of  materials  to  resist  the  action  of  any 
external  force  to  which  they  may  be  exposed  varies  greatly 
with  the  manner  in  which  that  force  is  applied  ;  and  there- 
fore it  is  necessary,  in  considering  this  subject,  to  divide 
the  strength  of  materials  as  follows :  first,  their  power  to 
resist  extension,  or  the  force  required  to  pull  them  asunder  ; 
secondly,  their  power  to  rest  compression,  or  the  force 
requisite  to  crush  them  ;  thirdly,  their  transverse  strength, 
or  the  force  required  to  break  a  bar  or  beam  resting  at  each 
end  upon  supports,  or  which  is  fixed  at  one  end  and 
loaded  at  the  other  end ;  and  fourthly,  their  elasticity,  or 
^e  force  required  to  bend  a  bar  or  beam. 


MATERIALS   EMPLOYED   IN   CONSTRUCnON.  \) 

Ist. — When  any  homogeneous  material  is  exposed  to  a 
tensile  strain,  or  a  strain  tending  to  tear  it  asunder,  if  the 
direction  of  the  strain  passes   through  the  centre  of  the 
piece,  its  strength  is  proportional  to  its  sectional  area.     The 
weight  in  pounds  required  to  tear  asunder  a  har  one  inch 
square  of  metal,  wood,  or  stone,  is  given  in  the  column  b  in 
the  tables  of  their  properties  given  below ;  and  the  tensile 
strength  of  a  piece  of  any  other  dimensions  may  be  found, 
by  multiplying  the  corresponding  number  in  the  table  by  the 
area   of  the  piece  in  square  inches.     Thus,  the  weight  re- 
quired to  pull    asunder  a   bar  of  cast  iron  8  inches  by  4 
inches  would  be  17,920  multiplied  by  12,  or  216,040  lbs. ; 
and  the  weight  to  tear  asunder  a  piece  of  white  marble  1  foot 
square  would  be  551  multiplied  by  144,  equal  to  79,844  lbs., 
or  nearly  86  tons. 

2ndly. — The  experiments  of  Professor  Hodgkinson*  have 
shown  that  when  a  substance  is  submitted  to  a  compressing 
force,  its  strength  will  depend  upon  the  proportion  which 
its  height  bears  to  its  other  dimensions.     He  found  that 
when  the  height  of  the  piece  was  not  greater  than  its  dia- 
meter, if  round,  or  the  length  of  its  side,  if  square,  its 
strength  would  increase  as  its  height  was  diminished ;  but 
that  when  the  height  was  greater  than  those  dimensions, 
fracture  took  place  by  the  separation  of  a  pyramid,  cone,  or 
wedge  (depending  on  the  form  of  the  piece),  the  angle  of 
whose  side  was  always  the  same  for  the  same  material,  and 
that  the  strength  would  not  vary  with  an  increase  in  the 
height  until  it  became  equal  to  four  or  five  times  the  dia- 
meter, when  the  piece  would  begin  to  bend,  and  its  strength 
would  then  diminish  as  its  height  was  further  increased  ;  he 
also  found  that  within  these  limits  the  strength  was  propor- 
tional to  the  sectional  area.     The  weight  in  pounds  required 
to  crush  cubes  1  inch  square  of  different  matenol^  \^  <^Q\i- 

•  '* ExpermieBtal  Reaearchea  on  the  Strength  and  olliet  Yxovei\iktt8k 
cf  Cast  Iron.  o  k^ 
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tained  in  the  columns  a  in  the  tables  following;  for  any 
other  dimensions,  the  numbers  in  the  table  must  be  multi- 
plied by  the  sectional  area  in  square  inches ;  thus,  the 
weight  required  to  crush  a  block  of  Portland  stone  1  foot 
square  would  be  1491  multiplied  by  144,  equal  to  214,704 
lbs.,  or  96  tons.* 

•  The  following  table  exhibits  the  formula)  which  Professor  Hodg- 
kinson  has  deduced  from  his  experiments  on  the  strength  of  columns ; 
iu  which  to  is  the  weight  in  tons  required  to  crush  the  column,  d  its 
external  diameter  in  inches,  di  its  internal  diameter  (if  hollow),  /  its 
length  in  feet,  and  a,  ^,  Cj  and  e  are  constants  depending  on  the  ma- 
terial of  the  column,  and  the  values  of  which,  for  a  few  materials,  are 
given  in  the  second  tahle  helow : — 


Kind  of  column. 


With  both  ends  ro«n<ia2,  With  both  ends  JUu^ 
when  the  height  of  the  when  the  height  of  the 
column  is  not  less  than  column  is  not  less  than 


Solid  cylindrical  columns 


Hollow  cylindrical  columns 


15  times  its  diameter. 


w  =:  a 


M?  =  c 


d^ 

/1 .7 


so  times  its  diameter. 


^3.6 
W  =  0 

rf3.«_^^3.6 


w  =:  e 


lui 


Material. 

a. 

b. 

e. 

c. 

Cast  Iron      .     .     . 
Wrought  Iron  .     . 
Cast  Steel    .     .     . 
Dantzic  Oak     .     . 
Red  Deal      .     .     . 

44-90 

2600 

37-50 

1-62 

1-17 

44-20 

7700 

110-90 

4-81 

3-47 

13-0 
22-7 
32-7 

44-3 

77-2 

111-1 

When  the  height  of  the  column  is  less  than  that  stated  in  the  fore- 
going tahle,  it  gives  way  partly  by  flexure  and  jwirtly  by  crushing,  and 
the  column  will  bear  a  greater  weight  than  the  table  would  show.  In 
this  case  let  w  be  the  strength  calculated  from  the  table,  tv^  the  strength 
calculated  by  the  rule  given  in  the  text  above  for  the  cru^ing  strength 
of  the  mBterial,  And  ta  the  actual  strength  of  the  colunm,  then — 


•p,  sr  — rV~ 
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[Mr.  F.  W.  Shields  gives  the  safe  load  on  hollow  cast-iron 
eoltunns  of  good  construction,  with  flat  ends  and  with  base 
pUtes. 


TfaJclneM. 

Load  per  square  inch  of  sectional  area. 

liength  20  to  24  diameters. 

25  to  80  diameters. 

inches. 
1  and  upwards 

tons. 
2 

tous. 

ft 

Srdly. — Let  Fig.  1  represent  a  bar  or  beam  of  any  material, 
restmg  at  each  end  on  two  fixed  supports  a  and  b,  and 
having  a  weight  w  suspended  from 
the  centre  c.  Now  the  amount  of 
w,  or  the  weight  which  will  be 
required  to  hreak  the  beam,  when 
applied   in   the   manner  here   de- 


I 


D 

Kg.l. 

Ecribed,  will  he  directly  proportional  to  the  breadth  of  the 
beam  multiplied  by  the  square  of  its  depth  gd;  or,  what  is  the 
same,  to  its  sectional  area  at  c,  multiplied  by  its  depth,  and  in- 
versely proportional  to  the  distance  ab  between  the  supports. 
The  numbers  in  the  column  c  in  the  tables  following  show 
the  weights  in  pounds  required  to  fracture  bars  of  the  several 
materials  1  foot  long  and  1  inch  both  in  breadth  and  in  depth, 
the  weight  being  applied  in  the  centre  of  the  bar.  To  find 
the  weight  in  pounds  required  to  fracture  a  piece  of  any 
other  dimension,  we  must  multiply  the  number  in  the  table 
by  the  square  of  the  depth  in  inches,  and  by  the  breadth  in 
inches,  and  we  must  divide  the  product  by  the  distance 
between  the  supports  in  feet ;  thus,  suppose  the  distance  a  b 
is  10  feet,  the  depth  of  the  beam  6  inches,  and  its  breadth 
4  bches,  the  material  being  cast  iron,  then  2045  multiplied 
by  86  and  by  4  and  divided  by  10  will  give  29,448  Ibr 
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for  the  weight  which  heing  applied  in  the  centre  of  the  beam 
would  break  it.    . 

When  the  weight,  instead  of  being  suspended  from  the 
centre  of  the  beam,  is  distributed  or  spread  equally  over  it 
from  A  to  B,  it  will  support  just  double  the  load ;  that  is, 
twice  the  weight  will  be  required  to  break  it  when  thus  dis- 
tributed which  would  be  required  if  suspended  from  the 
centre. 

If  the  beam,  instead  of  being  supported  at  each  end, 
is  only  £xed  at  one  end  a.  Fig.  2,  and  has  the  weight 

suspended  from  the  other  end  b,  it  will  only 

bear  one-fourth  of   the   weight  which  it 

would  do  if  supported  at  each  end  and 

Qw     loaded  in  the  middle.     In  this  case,  also, 

^  ^*  if  the  weight  be  distributed  equally,  the 

beam  will  sapport  twice  as  much  as  if  it  were  suspended 

from  the  end. 

In  all  the  cases  which  we   have  considered   above,  the 

form  of  the  cross  section  of  the  beam  has  been  supposed  to 

^         be  rectangular,  as  in  g.  Fig.  8.     This  form 

Xof  section,  however,  is  not  the  strongest 
which  could  be  chosen ;  for,  by  altering  it, 
^  the  same  quantity  of  material  may  be  made 
to  sustain  nearly  three  times  the  weight. 
A  form  recommended  by  Professor  Hodgkinson,  and 
which  has  been  very  generally  adopted  in  practice,  is  shown 
in  Fig.  8.  The  weight  in  pounds  which  would  be  required 
to  be  applied  in  the  centre  to  break  a  beam  of  this  form, 
supported  at  each  end,  will  be  found  by  multiplying  4852 
by  the  area  in  square  inches  of  the  lower  flange  or  web  a  b, 
and  by  the  depth  c  d  in  inches,  and  dividing  the  product  by 
the  distance  between  the  supports  in  feet. 

[Since  Mr.  Hodgkinson'a  role  was  promulgated,  it  has  been 
perceived  ihat  though  the  experimental  V>&e\&  oi\!i[iQ^^^M<^HI\Q>\vsk 
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arrived  at  by  Mr.  Hodgkinson  was  sound  so  far  as  it  went, 
yet  that  his  proportions  did  not  sufficiently  provide  for  practical 
necessities.  It  is  rarely  now  that  cast-iron  beams  are  made 
of  the  extreme  proportions  of  section  advocated  by  Mr.  Hodg- 
kinson. They  are,  on  the  contrary,  made  with  the  upper  and 
lower  flanges  more  nearly  equalised  in  area,  and  the  flanges 
and  the  web  more  nearly  equalised  in  thickness,  in  order  that 
a  sound  casting  may  be  made,  and  a  beam  of  a  more  con- 
venient section  may  be  produced.  A  cast-iron  beam  should 
have  the  sectional  area  of  the  upper  flange  not  less  than  one- 
half  of  the  lower  flange,  and  the  thickness  of  the  web  should 
be  about  two-thirds  of  that  of  the  lower  flange. 

Approximate  ruUfor  tlie  transverse  strength  of  a  cast-iron 
beam. — Let  the  ultimate  tensile  strength  of  the  metal  be  7 
ions  per  square  inch.  To  the  sectional  area  of  the  lower  flange 
add  a  fourth  of  the  sectional  area  of  the  web,  calculated  on 
the  total  depth,  both  in  inches,  multiply  the  sum  by  the  total 
depth  in  inches,  and  by  2J,  and  divide  the  product  by  the 
span  in  feet.  The  quotient  is  the  breaking  weight  at  the 
middle,  in  tons. 

For  any  other  tensile  strength,  use  it  as  the  multiplier 
instead  of  2^,  and  divide  the  product  by  8  and  by  the  Bpan. 
The  quotient  is  the  breaking  weight. 

Rolled  wrought-iron  flanged  beams  or  joists,  having  equal 
flanges,  are  much  employed  in  buildings. 

Approximate  rule  far  the  transverse  strength  of  solid  wrought 
joists  of  ordinary  proportions, — To  the  sectional  area  of  one 
flange  add  one-fourth  of  the  sectional  area  of  the  web,  cal- 
culated on  the  total  depth,  both  in  inches  ;  multiply  the  sum 
by  the  depth  in  inches  and  by  188,  and  divide  by  the  span  in 
feet.  The  quotient  is  the  breaking  weight  in  hundredweights 
applied  at  the  middle.] 

4thly. — When  a  beam,  supported  aa  in  in  Yij.  \,  >a»A 
B  we^bt  suspended  £rom  ita  centre,  it  is  bent  vnlo  «k  cxon^^ 
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form,  and  the  distance  that  the  middle  point  c  of  the  beam 
IB  drawn  down  below  its  former  position,  is  called  the 
deflection  of  the  beam.  The  amount  of  the  defection  is 
directly  proportional  to  the  weight  applied,  multiplied  by 
the  cube  of  the  length  a  b,  and  is  invereely  proportional  to  the 
breadth  of  the  beam  multiplied  by  the  cube  of  its  depth ;  it 
may  be  determined,  for  any  particular  case,  by  multiplying 
the  cnbeof  the  length  in  feet  by  the  weight  in  pounds  applied 
in  the  centre,  and  dividing  the  product  found  against  the 
material  of  the  beam  in  column  d  of  the  following  tables  ; 
multiplied  by  the  breadth  and  the  cube  of  the  depth,  both  in 
inches,  the  quotient  will  be  the  deflection,  also  in  inches. 
Thns,  suppose  abeam  ofEnglish  oak  10  feet  in  length,  9  inches 
in  depth,  6  inches  in  breadth,  and  loaded  with  5,000  pounds 
in  the  centre,  what  will  be  the  defection?  In  this  case, 
1,000  multiplied  by  6,000  equals  5,000,000,  and  3,369 
multiplied  by  6  and  729  equals  14,73G.006  ;  then  5.000,000 
divided  by  14,736,006  equals  '34  inch,  the  deflection 
required. 
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Cast  iron  may  be  divided  into  two  varieties,  the  white  cast 
tron,  which  has  a  white  and  radiated  or  crystalline  appearance 
when  broken,  and  is  hard  and  brittle ;  and  the  gray  cast- 
iron^  which  has,  when  fractured,  a  gray  colour,  granular 
texture,  and  metallic  lustre,  and  is  very  much  softer  and 
tougher  than  the  white.  Between  those  two  a  great  number 
of  intermediate  varieties  exist,  so  that  we  may  pass  from  one 
to  the  other  by  almost  imperceptible  gradations.  The  best 
practical  test  of  the  quality  of  cast  iron  is  by  a  blow  with  a 
hammer  on  one  of  its  edges,  which,  if  the  iron  belongs  to  the 
first  variety,  will  break  off  small  particles ;  but  if  to  the 
second,  will  only  indent  it.  It  is  much  used  for  columns, 
for  which,  from  its  great  power  of  resisting  compression,  it 
is  peculiarly^  adapted. 

It  has  also  been  much  employed  for  beams  or  girders, 
although  wrought-iron  has  been  substituted  for  it.  Steel  is 
now  used  to  a  considerable  extent  in  the  manufacture  of 
railway  rails,  bridges,  and  other  works  where  the  qualities 
of  lightness,  strength,  and  toughness  are  required  in  combi- 
nation. 
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Of  different  kinds  of  timber,  oak,  chestnut  (when  exposed 
to  a  free  circulation  of  air),  cedar,  larch,  sud  mahogany 
(when  kept  dry)  are  amongst  the  most  dnrable.  Beech, 
alder,  and  elm  are  very  dnrable  when  constantly  immersed 
in  water  or  wet  ground,  and  are  therefore  well  adapted  for 
tbepUeB,  Ae.,  for  foimdations.  When  e^^osed,  however,  to 
Ai«  weather,  or  is  sitoatious  where  they  BXft  e.\torQ»A«\^  ni^V 
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and  dry,  they  are  soon  found  to  decay,  as  are  also  ash  and 
mahogany.  Beech,  alder,  and  sycamore  are  very  liable  to 
the  attacks  of  worms.  Oak  and  larch  are  the  best  woods  for 
resisting  decay  when  exposed  to  the  weather  ;  but  they  are 
both  liable  to  split  and  warp  in  seasoning,  especially  oak. 
Mahogany  warps  and  splits  in  seasoning  less  than  any  other 
wood.  Elm  and  larch  bear  the  driving  of  nails  or  bolts  best, 
being  less  liable  to  split  than  any  other  timber. 

There  are  two  difierent  kinds  of  decay  to  which  timber  is 
liable,  namely,  the  wet  and  dry  rots,  both  of  which  arise  from 
the  same  origin,  the  fermentation  and  consequent  putrefac- 
tion of  the  albumen  or  sap,  caused  in  one  by  alternate 
exposure  to  wot  and  dry,  and  in  the  other  by  the  want  of  a 
free  circulation  of  air  round  the  timber.  Both  these  kinds 
of  decay  arising  from  the  presence  of  the  sap,  it  is  of  import- 
ance to  lessen  its  quantity  as  much  as  possible,  with  which 
object  timber  should  be  either  felled  in  the  winter  months  of 
December,  January,  and  February,  or  if  in  summer,  in  July, 
at  which  seasons  the  sap  exists  in  the  tree  in  much  smaller 
quantities  than  at  others.  It  is  also  desirable,  after  the 
timber  has  been  felled,  to  remove  whatever  sap  may  be  in  it 
as  speedily  as  possible,  which  process  is  termed  seasoning  the 
timber,  and  is  effected  either  by  simply  exposing  the  tree 
after  stripping  off  its  bark  to  the  air,  taking  care  to  protect 
it  from  the  weather,  by  which  the  moisture  and  sap  are 
gradually  evaporated  ;  or  by  a  process  termed  icater  season- 
ing,  which  consists  in  immersing  the  timber  for  about  a  fort- 
night in  a  stream  of  pure  running  water,  by  which  the  sap  is 
extracted  and  dissolved,  and  afterwards  gradually  drying  the 
timber. 

Various  processes  have  been  patented  for  preserving  timber 
both  from  rot  and  from  the  attack  of  worms.     Of  these, 
Kyan's  consisted  in  immersing  the  timber  for  a  period  vqli^- 
ing  from  seven  to  fourteen  days  (according  to  l\iQ  bIvl^  cA  VSci'b 
timber)  in  a  solution  of  corrosive  sublimate.     'B^  'fi^i.^xvft'  ^^ 
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process  the  timber  is  enclosed  in  a  clpse  iron  vessel,  in  which 
a  vacaum  is  formed  by  the  condensation  of  steam,  assisted 
by  air  pumps  ;  a  solution  of  sulphate  of  iron  is  then  admitted 
into  the  vessel,  which  instantly  insinuates  itself  into  all  the 
pores  of  the  wood,  previously  freed  from  air  by  the  vacuum, 
and,  after  about  a  minute's  exposure,  impregnates  its  entire 
substance;  the  sulphate  of  iron  is  then  withdrawn,  and 
another  solution,  of  muriate  of  lime,  thrown  in,  which  enters 
the  substance  of  the  wood  in  the  same  manner  as  the  former 
solution,  and  the  two  salts  react  upon  each  other,  and  form 
two  new  combinations  within  the  substance  of  the  wood — 
muriate  of  iron  and  sulphate  of  lime.  One  of  the  most 
valuable  properties  of  timber  thus  prepared  is  its  perfect 
incombustibility :  when  exposed  to  the  action  of  flame  or 
strong  heat,  it  simply  smoulders  and  emits  no  flame. 

[Generally  speaking,  if  the  solutions  of  mineral  salts  be 
used  of  sufficient  strength,  and  the  process  bo  continued  long 
enough  to  coagulate  all  the  albumen,  decay  will  be  retarded 
for  a  very  long  period,  but  still  the  fibre  of  the  timber  is  left 
unprotected.  Now,  unless  the  fibre  is  also  acted  upon,  the 
process  of  preparation  must  be  incomplete.  Impressed  by 
such  considerations  Mr.  Bethell  sought  for  some  antiseptic, 
which,  being  injected  into  the  pores  or  capillary  tubes  of 
the  timber,  should  bring  it  into  a  condition  similar  to  that  of 
the  mummies  and  mummy  cases  in  Egypt,  which  were  pre- 
pared by  saturating  them  with  the  petroleum  or  mineral  pitch 
found  floating  on  the  Dead  Sea.  It  has  been  proved  by 
experiment  that  oil  of  tar,  or  creosote,  is  the  most  powerful 
coagulator  of  the  albumen,  whilst  it,  at  the  same  time, 
furnishes  a  waterproof  covering  for  the  fibre,  and  by  its 
antiseptic  properties  prevents  putrefaction.  Mr.  Bethell 
found  that  by  forcing  at  least  7  lbs.  of  creosote  oil  into  each 
onbic  foot  of  timber  the  production  was  ipcTfect. 
I^  is  nsatd  to  specify  for  the  infection  oi  ^  \\i%.  o\  ct^Q^Q\.^ 
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oil  per  cubic  foot  of  timber  for  railway  sleepers  and  other 
purposes.  The  creosoting  process  is  that  which  is  generally 
foUowed  for  the  purpose  of  preserving  timber.] 

Gekbral  Propehtibs  op  Natural  Stonbs. 
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In  the  above  table,  the  valaes  are  the  averages  of  observa- 
tions made,  in  the  case  of  the  sandstones,  upon  stone  from 
the  quarries  of  Graigleith,  Barley  Dale,  Hedden,  and  Kenton  ; 
in  the  case  of  the  oolites,  from  the  quarries  of  Ancaster,  Bath 
Box,  Portland,  and  Eelton  ;  in  the  case  of  the  limestones, 
from  the  quarries  of  Bamack,  Chilmark,  and  Ham  Hill ;  and 
in  the  case  of  the  magnesian  limestones,  from  the  quarries  of 
Bolsover,  Huddlestone,  Roach  Abbey,  and  Park  Nook.  These 
observations  were  made  by  the  Commission  appointed  to 
examine  and  report  upon  the  best  stone  to  be  employed  in 
the  new  Houses  of  Parliament,  and  on  their  recommenda- 
tion the  magnesian  limestone  was  selected  for  that  purpose. 

The  values  in  column  A  in  the  above  table  are  those  under 
which  the  stone  first  begins  to  crack ;  the  next  column  con- 
tains the  weight  required  absolutely  to  tnnish  the  stone  :  the 
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first  is  that  which  ought  to  be  considered,  practically,  as  the 
crashing  weight.  The  seventh  column  gives  the  weight  of 
the  stone  detached  by  Brard's  process,  and  may  be  looked 
upon  as  expressing  the  relative  power  of  the  weather  and 
atmosphere  upon  the  stone. 

Genbbal  Pbopebties  of  Artificial  Stones  and   Cements. 

Bricks  may  be  regarded  as  artificial  stones,  formed  by 
moulding  prepared  clay  into  the  required  form  and  then 
burning  the  same  in  a  kiln.  The  quality  of  bricks  varies 
greatly  according  to  the  nature  of  the  earth  from  which  they 
are  made,  the  care  taken  in  their  manufacture,  and  being 
more  or  less  perfectly  burnt.  The  weight  required  to  crush 
a  square  inch  of  brick  varies  from  1,200  lbs.  to  4,500  lbs.,  but 
about  half  the  crushing  weight  will  produce  fracture  in  the 
brick.  The  weight  of  a  cubic  foot  of  brickwork,  set  in 
mortar,  is  about  117  lbs.,  and  in  cement  about  125  lbs.  The 
tensile  strength  of  bricks  is  somewhere  about  275  lbs.  for 
every  square  inch,  but  in  construction  they  are  seldom,  if 
ever,  exposed  to  a  tensile  strain.  Great  care  should  be 
taken  in  the  choice  and  selection  of  bricks  for  structures 
exposed  to  the  weather  or  to  the  action  of  water ;  in  such 
situations,  only  the  hardest-burnt  and  best-made  bricks 
should  be  employed. 

All  kinds  of  mortars  and  cements  consist  of  lime  (a  metallic 
oxide)  combined  with  other  substances,  such  as  sand,  gravel, 
clay,  &c.,  the  quality  of  the  mortar  depending  upon  the  pro- 
portions of  these  ingredients,  as  also  upon  the  skill  with 
which  it  has  been  prepared.  Lime  is  obtained  by  submitting 
limestone,  which  is  a  carbonate  of  lime,  to  a  high  tempera- 
ture, by  which  the  carbonic  acid  is  driven  ofi*,  and  the  lime 
left  in  a  pure  state,  or  only  united  with  certain  proportions 
of  other  e&rtbs  and  oxides.  This  process  is  termed  calcina- 
^ton,  and  reqtiireB  to  be  conducted  wit\x  caie,  XiO  ^nwa^  ^sJcia 
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whole  of  the  carbonic  acid  being  expelled  witboat  fusing  or 
vitrifying  the  limestone.  The  lime,  after  being  burnt,  should 
not  be  exposed  for  any  length  of  time  to  the  air,  from  which 
it  would  re-absorb  carbonic  acid  gas  and  water,  and  would 
be  slowly  reconverted  into  carbonate  of  lime.  The  next 
process  is  that  of  slacking  the  lime,  which  consists  in  pouring 
over  it  a  certain  quantity  of  water,  with  which  it  immediately 
combines,  the  water  being  rapidly  absorbed,  with  the  genera- 
tion of  considerable  heat  and  large  quantities  of  vapour,  and 
the  lime  falling  into  an  impalpable  powder,  which  is  a  chemi- 
cal compound  of  water  and  lime,  termed  hydrate  of  lime. 
The  same  care  should  be  taken  not  to  expose  slacked  or 
unslacked  lime  to  the  air,  from  which  it  would,  in  the  same 
way,  absorb  carbonic  acid  gas. 

The  hydrates  ol^  lime  obtained  by  the  process  above  de- 
scribed differ  greatly  in  their  properties,  according  to  the 
composition  of  the  limestone  from  which  they  have  been 
obtained.  The  pure  limestones  yield  a  lime,  termed  by 
builders  rich  or  fat,  the  principal  properties  of  which  are, 
that  it  will  slack  with  great  facility,  absorb  a  very  large 
quantity  of  water,  with  the  generation  of  very  great  heat 
and  a  considerable  enlargement  of  bulk ;  and  then,  when 
kneaded  into  a  paste  and  immersed  in  water,  it  will  remain 
in  its  soft  state  for  years,  and  in  running  water  would  be 
entirely  dissolved.  Those  limestones,' however,  which  con- 
tain a  large  quantity  of  silica  and  alumina*  yield  a  lime 
termed  hydraulic,  from  its  property  of  hturdening  under 
water;  they  slake  with  much  greater  difficulty  than  the 
rich  limes,  require  less  water,  occupy  a  longer  time,  and  do 
not  undergo  so  great  an  increase  in  bulk ;  but  their  most 
important  quality  is,  that  when  made  into  a  paste  and  im- 

*  Silica  is  an  acid  formed  by  the  union  of  oxygen  with  the  metal 

iilieoH,  and  is  the  principal  ingredient  in  sand.     AluxxmiBL  \&  k  is\^\.«^^ 

oxide,  composed  of  oxygen  and  the  metal  al\imini\uaiM\dL\&>i\^<^\)^^^ 
of  clay  a. 
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mersed  in  water,  they  aet,  or  become  solid,  in  a  few  days, 
and,  at  the  end  of  a  year  or  less,  attain  such  a  degree  of 
hardness  as  to  splinter  under  a  blow,  and  are  then  perfectly 
insoluble  in  water.  Between  these  two  there  are  a  great 
variety  of  limes  possessing  intermediate  properties.  The 
hydraulic  properties  of  the  latter  kind  appear  to  be  owing 
to  the  presence  of  a  certain  proportion  of  clay,  and  it  has 
been  found  that,  by  mixing  clay  with  the  richer  limes  and 
burning  them  together,  an  artificial  hydraulic  lime  or  cement 
may  be  produced  possessing  the  same  properties  ;  and  some 
of  these  attempts  have  been  attended  with  considerable 
success. 

Mortar  is  prepared  by  kneading  the  lime  into  a  paste 
with  water,  and  adding  certain  quantities  of  sand,  very  fine 
gravel,  or  puzzuolana,*  determined  by  the  quality  of  the 
lime,  and  the  purposes  to  which  the  mortar  is  to  be  ap- 
plied. 

Roman  cement  is  a  species  of  hydraulic  lime,  prepared 
by  calcining  stones  or  boulders  of  sopteria,  picked  up  on 
the  sea-coast,  principally  in  the  neighbourhood  of  Harwich, 
and  the  Isle  of  Sheppy.  The  stones,  when  calcined,  instead 
of  being  slacked,  are  ground  in  a  mill  to  a  very  fine  powder. 
This  cement  possesses  the  invaluable  property  of  setting 
under  water  in  a  few  minutes.  It  is  frequently  used  quite 
pure,  or  without  the  admixture  of  any  sand,  in  situations 
where  rapid  setting  is  a  matter  of  importance. 

Concrete  is  composed  of  lime  or  of  cement,  mixed  with 
from  four  to  seven  or  eight  times  its  bulk  of  sand,  gravel, 
broken  stone,  &c.,  the  proportions  depending  upon  the  purpose 
for  which  it  is  used.  It  should  be  thrown  from  a  considerable 
height,  by  which  its  solidity  is  greatly  increased. 

The  chemical  action  of  salt  water  upon  materials  immersed 
in  it,  and  the  peculiar  ravages  to  which  some  of  these  are 

*  Puzzuohtna  ia  a  pulyerulont  volcamc  e%TtV^,icxvLiid  at  Pazzuoli,  near 
Naples,  and  ia  principally  composed  oi  Bi^ca  aivd  a\\xmvii«L. 
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exposed  from  members  of  the  animal  kingdom,  are  deserving 
of  notice. 

Some  stones  and  mortars,  not  only  when  immersed,  but 
also  when  exposed  to  the  sea-air,  may  often  be  noticed  to 
decompose  and  to  become  covered  by  an  efflorescence  of  the 
carbonate  of  soda,  resulting  from  the  action  of  the  hydro- 
chloride of  soda   in  suspension  in    the  atmosphere,  or  in 
combination  with  the  water,  upon  the  carbonate  of  lime. 
The  hydrochlorides  of  magnesia  present  in  sea-water  act  in 
a  very  peculiar  manner  upon  some  stones  and  mortars ;   for 
when  the  former  exist  in  a  state  of  protocarbonates  of  lime 
the  magnesia  enters  into  combination  with  it,  and  as  during 
that  process  a  new  crystalline  arrangement  takes  place,  it 
is  frequently  the  case  that  the  stone  disintegrates.     With 
the  argillo-calcareous  stones,  however,  this  action  does  not 
take  place,  and  it  would  thus  appear  that  the  combination  of 
the  lime  with  the  alumina  is  sufficiently  energetic  to  enable 
the  stones  in  which  that  state  prevails  to  resist  the  decom- 
position of  the   sea-water.      The  same   remarks   apply  to 
mortars  and  cements ;  for  it  is  found  that  unless  the  mortars 
made  with  ordinary  limes  are  perfectly  carbonised  before  being 
immersed,  or  unless  the  cements  be  obtained  from  natural 
argillo-calcareous  rocks,  or,  if  artificial,  unless  the  lime  and 
alumina  have  been  made  to  combine  intimately  by  the  effects 
of  fusion,  however  well  they  may  appear  to  resist  in  the 
commencement,  they  will  eventually  be  certain  to  disintegrate. 
At   Algiers,  Brest,  Cherbourg,  and   the   He   do  Khe,  some 
mortars  were  employed  for  the  formation  of  large  blocks  of 
concrete,  and  were  composed  of  moderately  hydraulic  limes 
mixed  with  artificial  puzzuolanas,  prepared,  in  accordance 
with  Vicat's  suggestion,  merely  by  exposing  clays  to  a  low 
heat  in  such  a  manner  as  to  allow  free  access  of  air  to  all  the 
parts  in  incandescence.     The  concretes  thus  made  resisted 
satisfactorily  for  some  time,  but  at  the  expiralion  ol  \.vio  qx 
three  years  tbcy  fell  to  powder ;    whilst  in  «i\  (i«t^e%  vA^ax^ 
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the  natural  puzzaolanas  have  heen  employed  they  have  not 
yielded.  It  appears,  therefore,  that  there  are  certain  changes 
produced  in  the  alumina  hy  the  action  of  intense  heat  which 
render  it  more  capable  of  combining  with  lime ;  and  it  is 
probably  in  this  manner  that  we  may  account  for  the  ad- 
mirable results  obtained  by  the  application  of  the  Portland 
cement. 

Particular  stones,  however  hard  and  polished  they  may  be, 
and  in  spite  of  the  incessant  action  of  the  waves,  become 
rapidly  and  almost  entirely  covered  with  shells  and  sea- 
weed in  certain  positions,  whilst  in  others  they  are  left  bare. 
This  also  is  true  with  respect  to  some  mortars ;  for  blocks 
of  concrete,  which  have  only  been  immersed  for  ten  days, 
have  been  noticed  to  be  covered  with  marine  plants.  The 
boring  mollusca  frequently  attack  the  softer  limestones,  with 
sufficient  rapidity  to  render  it  necessary  to  exercise  great 
caution  in  the  choice  of  the  materials  employed  within  the 
range  of  their  destructive  energies.  Granites  and  silicious 
sandstones  are  free  from  their  attacks,  and  some  descriptions 
of  limestones  enjoy  the  same  immunities ;  but  the  precise 
nature  of  the  latter  class  of  stones  is  not  known  with  any 
tolerable  degree  of  certainty.  The  animals  exercising  this 
action  upon  stones  are  of  the  tribe  of  the  Lithodomi,  or 
more  frequently,  in  our  seas,  of  the  Saxicava  rwjosa  and  the 
PfiolaSy  the  latter  attacking  principally  the  chalk,  or  other 
pure  and  soft  carbonates  of  lime. 

Iron,  whether  in  the  water  or  only  exposed  to  its  vapours, 
corrodes  with  great  rapidity,  wrought  iron  decaying,  as 
might  be  expected,  more  rapidly  than  the  cast  metal.  Paint- 
ing or  galvanising  does  not  appear  to  retard  the  destructive 
chemical  action  of  the  salt  water  materially,  in  whatever 
state  the  iron  may  be ;  but  there  would  appear  to  be  a 
specific  difference  in  the  nature  of  the  action  upon  the  cast 
^om  that  upon  the  wrought  iron,  for  it  is  found  that  the 
latter  becomes  Bimply  oxidated  to  a  gteoAied  ot  \^^^  ^^^V^^ 


MATERIALS    EMPLOYBD   IN   CONSTRUCriON.  25 

whilst  the  former,  after  an  immersion  for  ahont  thirty  years, 
becomes  converted  so  thoroughly  into  a  carburet  of  iron, 
closely  resembling  the  plumbago  of  commerce,  that  it  may 
be  easily  cat  with  a  knife.  De  Cessart  mentions  that,  in 
removing  some  works  executed  by  Vauban  a  century  pre- 
viously, he  found  that  in  many  instances  the  wrought-iron 
bolts  were  intact,  whilst  other  bolts,  inserted  in  precisely 
analagons  positions  at  a  subsequent  period,  had  corroded 
within  a  very  few  years.  There  would,  therefore,  appear  to 
be  some  peculiar  states  of  the  iron  as  employed  in  the  arts 
which  modify  its  powers  of  resistance  to  the  chemical  action 
of  the  salt  water.  The  greatest  practical  inconveniences 
attached  to  the  chemical  action  of  the  sea-water  upon  iron 
are — firstly,  that  its  powers  of  resistance  are  diminished ;  and 
secondly,  that  as  its  bulk  diminishes  also,  especially  when 
oxidation  takes  place,  the  play  thus  superinduced  upon  the 
framing  it  is  intended  to  strengthen  becomes  very  great. 

Copper  and  gun-metal  oxidate  in  salt  water  to  a  very 
insignificant  depth.  They  do  not  appear  to  be  otherwise 
afiected,  nor  do  they  lose  their  powers  of  resistance.  If,  by 
means  of  any  description  of  paint,  or  of  other  preservatives, 
the  oxidation  of  the  exposed  surfaces  bo  prevented,  these 
metals  are  frequently  found  to  be  covered  with  shells  or 
marine  plants. 

The  most  important  observation  to  be  made  with  respect 
to  the  employment  of  metals  in  sea- water  is,  that  under  no 
circumstances  should  any  two  difi'erent  kinds  be  employed 
in  contact  with  one  another.  In  such  cases  a  galvanic 
action  takes  place  by  the  intervention  of  the  salt  water, 
which  produces  very  rapid  and  important  chemical  decom- 
position. 

If  wood  be  kept  constantly  under  water  it  is  found  that  it 
will  last  for  an  indefinite  period,  and  that  in  the  p&tt^V%;^V 
alternately  wet  and  dry  a  collection  of  niaT\ne.'^\ViiXi\A  ^xi^ 
3Lel/^,  especially  mussela,  is  rapidly  formed.    TYie  ^tmcv^^ 

c 
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danger  to  which  wood  is  exposed  in  our  seas  is,  however, 
that  caused  by  the  ravages  of  a  species  of  worm  called  the 
Teredo  navalis.     It  is  said  that  this  worm  is  a  native  of 
India,  and  that  it  was  introduced  to  Holland  some  200  years 
since,  from  whence   it  has   spread  through  the   ports   of 
Northern  Europe.    As  the  fossil  wood  of  the  Isle  of  Sheppey^ 
is  frequently  bored  by  these  worms,  whose  casts  are  pre- 
served in  the  fossil  state  equally  with  the  wood  itself,  it  may 
fairly  be  questioned  whether  the  above  story  can  account 
for  the  existence  of  these  pests.     Be  this  as  it  may,  it  is  not 
the  less  the  case  that  the  teredo  bores  into  the  heart  of  the 
wood,  and  destroys  the  strongest  carpentry  with  frightful 
rapidity.     Thus  at  Dunkirk  wooden  jetties  are  so  speedily 
eaten   away  that  they  require    renewal  every  twelve    or 
fifteen  years ;    at  Havre  a  stockade  was  entirely  destroyed 
in  six  months ;  at  Lorient  wood  only  lasts  about  three  years 
in  the  sea-water ;   and  at  Aix  the  hull  of  a  stranded  vessel 
wa?  found  to  have  lost  half  its  weight  in  six  months  from 
the  ravages  of  these  animals.     On  our  own  coasts  the  same 
destruction  is  caused  by  this  apparently  insignificant  enemy  ; 
at  Southampton,  Ryde,  Brighton,  Dover,  &c.,  the   teredo 
has  destroyed  jetties  with  equal  rapidity  to  that  observed  on 
the  French  coast,  as  above  cited. 

When  the  teredo  enters  a  piece  of  wood  it  is  so  small  as 
not  to  leave  any  perceptible  trace  of  the  passage  by  which  it 
entered;  subsequently  it  increases  until  the  bore  of  the 
passage  it  occupies  is  equal  in  volume  to  the  little  finger.  It 
only  attacks  the  interior  of  the  wood  it  ei^ters,  and  often- 
times the  latter  will  break  off  before  any  external  indication 
is  given  of  the  presence  of  the  worm.  In  piles  or  other 
works  in  the  sea,  the  zone  most  affected  is  that  immediately 
below  the  main  level  of  the  sea ;  occasionally  the  teredos 
extend  their  ravages  below  the  line  of  low  water  of  the 
eqajnoctial  tides,  bat  they  rarely  mount  higher  than  the 
-^0  of  bigb  tide  at  neaps.     It  is  believed  i\i«A.  l\i^^  c^^\i\iQt 
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exist  under  mud  so  compact  as  to  exclude  air ;  and  there 
are  some  local  irregularities  in  their  distribution  hitherto 
unaccounted  for;  that  is  to  say,  they  are  often  found  in 
some  parts  of  a  roadstead  or  harbour,  and  not  in  others. 

Engineers  have  endeavoured  to  prevent  the  ravages  of 
these  creatures  upon  jetties  or  fascine  banks,  by  either  cover- 
ing them  with  nails  or  by  sheeting  them  with  copper,  by 
coating  them  with  verdigris  or  cement,  or  by  impregnating 
the  wood  with  some  saline  solution.  Of  these  methods, 
that  of  covering  the  exposed  surface  of  the  wood  with  nails, 
about  i  inch  square  at  the  head,  appears  to  answer  the 
best ;  but  in  spite  of  all  the  care  and  attention  with  which  it 
may  be  performed,  its  successful  results  are  always  prob- 
lematical. Mr.  Hartley,  of  Liverpool,  asserts  that  the  green 
heart  wood  of  Demerara  is  not  subject  to  the  attacks  of  the 
teredo,  and  the  Sabicu  wood,  from  the  same  colony,  is  said 
to  possess  the  same  property ;  but  these  are  the  only  known 
exceptions  to  the  rule.  All  other  woods — oak,  teak,  fir, 
elm,  alike — ^whether  hard  or  soft,  yield  rapidly. 

There  are  also  other  small  worms,  which  do  not  attack  the 
heart  of  the  wood,  like  the  teredo,  until,  at  least,  they  have 
destroyed  all  the  outer  parts.  Their  ravages  are,  to  a  cer- 
tain extent,  combated  by  covering  the  outside  of  the  wood 
by  thin  slabs  of  the  same  description,  which  are  removed  as 
soon  as  they  are  eaten,  and  replaced  by  others. 

[The  creosoting  process  already  noticed  has  been  found  to 
afford  the  most  efficient  means  of  preserving  timber,  whether 
on  land  or  in  water.] 


c  2 


CHAPTER  m. 
DIFFERENT  KINDS  OF  CONSTRUCTION. 

Brickwork. 

There  are  two  different  methods  of  building  brickwork, 
depending  upon  the  relative  position  in  which  the  bricks  are 
placed.  When  a  brick  is  laid  with  its  end  appearing 
upon  the  face  of  the  wall,  as  a,  Fig.  4,  it  is  then  called  a 
header f  and  when  with  its  side  as  b,  it  is  then  called  a 
stretcher.  Each  horizontal  layer  or  stratum  of  bricks  in  a 
wall  is  termed  a  coarse,  and  it  should  be  so  built  that  the 
vertical  joints  between  the  bricks  of  one  course  are  not  in 
the  same  line  with  those  of  the  course  above  or  below  it ; 
thus  in  the  figure  the  joint  c  has  no  joint  above  or  below  it, 
but  solid  bricks  ;  when  the  bricks  are  so  arranged,  they  are 
said  to  break  joint  or  bond  with  each  other.  There  are  two 
different  methods  of  bonding  walls  in  very  general  use, 
namely,  old  English  bond,  which  consists  in  laying  a  course 
of  headers  and  then  a  course  of  stretchers,  as  in  Fig.  4 ; 


Fig.  4.— English  Bond.  Fig.  6.— FlemiBh  Bond. 

and  JF/^mish   bond,  which  conaista  in   laying,  alternately, 
henden  ^nd  Btretebers  in  each  course,  «a  va.  Y\%.  t>.    TVi^ 
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Flemish  bond  has  the  neatest  appearance  npon  the  face  of 
the  wall,  bat  is  much  inferior  to  the  old  English  bond  in 
strength,  and  also  requires  much  more  cutting  of  the  bricks. 
Where  it  is  requisite  that  the  wall  should  be  of  consider- 
able strength,  the  bond  of  the  bricks  only  is  not  always 
sufficient ;  on  such  occasions  it  was  customary  to  build  a 
piece  of  timber  into  the  wall,  as  shown  at  d,  in  Fig.  4, 
which  ran  through  its  whole  length.  This  method,  however, 
of  bonding  walls  is  very  uncertain,  because  the  strength  of 
the  wall  depends  upon  the  timber  continuing  in  a  sound 
state ;  and  should  it  rot,  as  in  such  a  situation  it  is  very 
likely  to  do,  we  have  perhaps  no  means  of  ascertaining  the 
fact,  and  are  only  made  aware  of  it  by  the  failure  of  the  wall. 
This  method  of  bonding  is  in  consequence  almost  entirely 
superseded  by  the  hoop-iron  bond,  first  introduced  by  Sir 
Isambart  Brunei,  and  which  consists  in  laying  hoop  iron 
flatwise  between  the  courses,  as  shown  at  a  in  Fig.  5. 
The  iron  should  be  slightly  rusted,  which  greatly  increases 
its  adhesion  to  the  cement  or  mortar. 


Masonby. 

In  the  construction  of  masonry,  the  same  precautions  are 
adopted  as  in  brickwork,  so  to  dispose  the  vertical  joints 
that  the  wall  may  have  a  sufficient  bond ;  and  this  may  be 
easily  effected,  since  the  size  of  the  stones  is  not  fixed.     In 
the  neighbourhood  of  the  quarries,  where  rough  stone  is 
plentiful,  it  is  frequently  employed  in 
its  rough  state,  without  being  faced  or 
reduced  to  square  dimensions,  and  is 
then  termed  rubble  masonry.     Figure 
6  represents  a  wall  built  of  rubble, 
but   having  the    coping  (▲  b),   the 
plinth  (c  d),  the  quoin  (b  d),  and  the  piers  {k  o),  coii%\x\xfiXA^ 

of  cut  stone,  which  gives  solidity  to  the  YraU  audi  «AdA  \a  VX*"^ 
Mppeianuice, 


Fig.  6.--Eabble  Wall. 
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When  a  wall  of  maBoory  is  of  aoy  thickness,  it  is  frequently 
cased  with  cnt  stooe  on  both  sides,  the  middle  being  filled 
in  with  mbble  ;  in  saeh  cases,  heading  or  bond  stones,  a  a. 
Figs.  7  and  8,  should  be  carried  entirely  throngb  the  thick- 
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ness  of  the  wall  at  certain  intervals,  to  prevent  the  sides  being 
forced  apart  by  the  settlement  of  the  rubble  between  them. 

In  eases  where  it  is  neceasary  that  the  stones  should  not 
slip  upon  each  other,  and  also  to  prevent  the  joints  from 

separating,  it  is  usual  to  insert  between 

I  I  A       them  pieces  of   iron  or    copper  of  a 

^"       ^7        \ru     dovetul  form,  as  shown  at  a.  Fig.  9, 
r  1       /,\3    which   are   termed    crampt  or  doaeli ; 

~  these  are  inserted  half  in  each  stone ; 

and  the  two  having  been  placed,  lead  is 
mn  into  the  space  round  the  dowel,  which  fixes  it  firmly  to 
the  ntone.  Dowels  are  sometimea  made  of  slate  or  other  hard 
stone,  and  are  then  run  with  cement. 


Carpentbt. 

The  most  important  branch  of  carpentry  to  the  civil 

engineer  is  that  which  relates  to  the  methods  of  joining  or 

connecting  timbers  together ;  and  we  shall  briefly  describe 

those  most  asually  employed. 

F^,  10  repreaeat  two  different  methods  of  joining  two 

/iMMw  of  timber  ia  ths  direction  o{  \ib«ni  \QTie}.\k  -■  «a<^\i.  «. 
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joint   is   termed  a  sear},     a  a    are    wedges    very   slightly 
tapered,  termed  /w^t.    These  keys   sbonld  not  be  driven  ia 


FigstO. 

tighter  than  is  sufficient  to  bring  the  parts  together,  and  not 
BO  as  to  cause  any  strain  on  the  joint.  It  is  iisnal,  where 
great  strength  b  required,  to  secure  the  joints  with  plates 
and  bolls  of  iron. 

When  it  is  desired  to  lengthen  a  timber  placed  vertically, 
as  a  post,  it  may  be  done  in  either  of  the 
ways  shown  In  Figs.  11,  of  which  the  left-   I 
hand  figure  is  the  simplest. 

When  two  timbers  cross  each  other  at 
right  angles,  it  is  usual  to  notch  each  of 
them  half  throngh  as  at  a,  Figs.  12,  which 
is  termed  hali-ing  them.  When  one  timber 
merely  meets  ox  ahnts  against  the  other, 
the  joint  is  farmed,  as  shown  at  b,  Figs.  12, 
which  is  termed  mortising  them  together; 
the  tongue  a  is  called  a  tenon,  and  the  bole  Figi.  ii. 
to  receive  it  h  the  mortise  ;  the  joint  is  nsaally  secured  by  a 


oak  pia  driven  in  at  e.     When  both  pieces  mfteX.,  ioTiwaii,  •> 


32 


THE    RUDIMENTS   OF   CIVIL   ENGINEERING. 


right  angle  or  comer,  they  may  either  be  halved  together  as 
shown  at  c,  or  dovetailed  as  at  d  ;  the  former  is  the  best, 
as  being  less  afifccted  by  shrinkage  of  the  wood. 

When  one  timber  abutting  against  another  makes  an 
acute  angle  with  it,  as  in  the  case  of  the  principals  of  a  roof, 
the  joint  may  be  formed  as  shown  at  a,  Figs.  13 ;  where, 


Figs.  18. 

however,  there  is  a  considerable  strain  upon  the  joint,  it  is 
better  to  make  it  as  shown  at  b,  in  which  the  bearing  is  more 
equal,  and  is  not  affected  by  any  settlement  of  the  framing. 

[All  timber  may  be  classed  under  two  heads, 'namely,  hard- 
wood and  soft-wood.  These  two  classes  of  timber  require 
very  different  kinds  of  treatment.  Hard-wood,  as  its  name 
implies,  is  hard,  and  it  is  generally  brittle.  A  hard-wood 
beam  may  be  loaded  with  scarcely  any  deflection  almost  to 
the  breaking  point,  and  it  will  often  break  when  overloaded 
without  giving  any  previous  notice  of  fracture.  A  soft-wood 
beam,  on  the  contrary,  will  deflect  so  much  as  to  render  it 
useless  before  the  breaking  point  is  reached,  and  it  pos- 
sesses more  elasticity  and  is  much  lighter  than  a  hard- 
wood beam. 

Honce,  whilst  hard-wood  is  best  suited  for  piles,  uprights, 
and  capsills  supported  at  short  intervals  ;  soft-wood  is  better 
for  the  chords  of  timber  bridges  and  for  trussed  beams  to 
which  a  camber  is  given. 

Id  hard-wood  a  considerable  degree  of  dependence  may 
be  placed  upon  the  Btrength.  of  the  tenoiiB;  "bxiLlVii  ^oIV^q^\ 
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the  reverse  is  the  case,  and  a  di£fereiit  system  of  joints 
should  be  employed. 

The  use  of  bolts  in  carpentry  is  to  hold  the  abutting  por- 
tions of  timber  to  their  work,  not  to  take  a  cross  strain.  In 
a  great  many  cases  hard-wood  dowels  might  be  substituted 
for  iron  bolts  with  advantage.  It  is  true  that  a  screw-bolt 
gives  great  facilities  for  drawing  timbers  together  taut  which 
have  shrunk  from  their  original  position ;  but  the  same 
thing  may  be  done  by  using  a  screw  clamp  and  wedging  up 
the  ends  of  the  dowels. 

Straps  are  inferior  to  bolts,  and  they  are  much  more 
expensive.  Thus,  in  the  case  of  a  raking  strut  abutting  on 
a  horizontal  beam,  a  bolt  passed 
through  both,  as  in  Fig.  14,  will 
hold  the  strut  in  place  for  a  time, 
eyen  if  the  timbers  have  shrunk  from 
their  bearings ;  whilst  in  the  case 
of  a  strap  used  for  the  same  purpose, 
there  is  nothing  to  prevent  its  slipping  out  of  place  in  the 
event  of  the  shrinking  of  the  timber.     See  Figs.  15  and  16. 


Fig.  14. 


Fig.  16, 


Fig.  16. 


Angle-bands,  Figs.  17  and  18,  upon  framing  are  always 
objectionable.     They  are  wrong  in  principle,  as  they  do  not 


Fig.  17. 


allow  for  the  BhrinMng  of  the  timber.     In  l\xA  Q^^^>  V)»t 
uuftaaee,  of  a  strut  abatting  on  a  straining  pi^t,  %^cut^^  V^ 


_      r» 
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an  angle-band,  when  the  timber  shrinks — and  it  is  sore  to 
do  so  in  time — the  pressore  is  transferred  from  the  ends  of 
the   timber  to   the  bolts  which  fasten  the  bands.      The 


m 


J? 


Fig.  18. 

stmcture  becomes  ricketty,  and  the  stmt  is  generally  split 
by  the  cross-strain  on  the  bolts.  Cases  of  this  kind  are 
most  readily  treated  by  running  a  dowel  through  both 
timbers,  or  by  making  a  vertical  saw-cat  in  each  and  insert- 
ing a  strip  of  boiler-plate. 

Struts,  Figs.  19,  should  not  be  notched  at  their  lower  ends 

into  the  bearing  piles  ;  they  should 
rest  on  cleats  placed  with  the  grain 
of  the  timber  upright,  so  that  the 
struts  will  not  be  allowed  to  drop 
by  any  shrinkage  of  the  cleats,  as 
might  happen  if  the  struts  rested  on 
a  waling.  A  strut  may  be  kept  in 
its  place  by  a  dowel  driven  through 
its  lower  end,  or,  still  better,  by  an 
upright  strip  of  boiler-plate  let  half 
into  the  cleat  and  half  into  the  strut. 
In  a  timber  bridge,  having  con- 
tinuous floor  beams,  it  is  preferable, 
^^  ^^'  instead  of  lapping  or  scarfing  them 

over  the  capsills,  to  cut  them  of  greater  length  than  the  spans 
and  to  lay  the  ends  side  by  side,  as  in  Fig.  20,  and  to  bolt  or 
dowel  them  together.  This  makes  a  much  stronger  combi- 
nation than  scarfing.  It  confers  a  great  degree  of  stifiness, 
and  obviatea  the  chance  of  decay  by  rain-water  getting  into 
and  rotting  the  8c&r£a. 


sJ 
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In  the  framing  of  the  trasses  of  bridges  the  ordinary  king- 
post or  queen-post  truss  is  to  be  avoided.      The  slightest 


Fig.  21. 


Fig.  80. 

shrinkage  in  the  head  of  the  king-post  produces  very  serious 
deflection  of  the  truss.  In  such  positions  cast-iron  heads 
should  be  used.  The  feet  of  the 
stmt  should  be  cut  square  to  the 
direction  of  the  fibre,  as  in  Fig.  21, 
and  they  should  rest  either  in  cast- 
iron  shoes  or  on  level  blocks  of 
hard-wood,  so  that  shrinkage  of 
the  truss  may  not  incur  settlement. 
In  large  trusses  timber  should  not  be  applied  in  tension. 
Wronght-iron  bars  should  be  applied  in  tension  whenever  it  is 
practicable  to  do  so. 

Laminated  timber  arches  were  much  in  vogue  in  ye&rs 
past.  They  are  now  generally  abandoned.  They  are  diffi- 
cnlt  of  repair. 

Timber  culverts  are  a  necessity  in  a  timber  district,  and 
in  other  situations  in  new  countries  where  other  material  is 
not  available.  In  the  first  case,  they  are  made  of  logs 
roughly  squared,  and  of  sufficient  size  and  weight  to  Vl^^'q 
their  poBition  without  either  bolts  or  dowels.  TVi^  xoo^  o^l 
ihe  ealvert  should  be  formed  of  stout  poles  \aiflL  WiTO^%  >iNi^^ 
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road,  80  that  carriage  wheels  may  not  fall  in  between  the 
pieces,  as  may  happen  when  the  roof  is  constructed  of  timber 
laid  transversely  to  the  axis  of  the  culvert. 

Sawn-timber  culverts  should  be  made  in  lengths,  the  top, 

sides,  and  bottom  being  framed 
separately,  and  put  together  as 
in  Fig.  22. 

Crib-work  should  be  con- 
structed of  logs  as  nearly  as 
possible  of  the  same  diameter, 
say  from  8  to  14  inches,  and  in 
lengths  to  be  conveniently  han- 
dled. The  lower  side  of  each 
log  is  left  round,  the  top  is 
notched  to  receive  the  log  above  it,  and  all  the  intersections 
are  securely  trenailed.  Crib-work  executed  in  this  manner, 
and  filled  with  broken  stones,  is  an  excellent  substitute  for 
masonry  in  building  breast- walls,  crossing  gullies,  forming 
embankments  or  piers  in  running  water,  and  for  like 
purposes.] 


Fig.  22.— Timber  Culvert. 


CHAPTER  IV. 

EQUILIBRIUM  OF  ABUTMENTS  AND  WALLS. 

We  have  next  to  examine  the  conditions  of  the  stability 
of  piers,  abutments,  or  walls,  sustaining  some  external  load 
or  strain,  such  as  the  thrust  of  an  arch  or  the  pressure  of 
earth  or  water.  Walls  and  abutments  are  usually  exposed 
to  two  forces — their  own  weight  acting  in  a  vertical  direction 
through  their  centre  of  gravity,  and  the  pressure  occasioned 
by  the  extraneous  load  which  they  have  to  sustain ;  and 
upon  the  magnitude  and  direction  of  the  resultant  of  these 
pressures  the  stabihty  of  the  structure  depends.  They  may 
yield  or  give  way  in  three  different  ways  :  namely,  the  wall 
or  abutment  may  separate  into  two  portions,  one  sliding  or 
slipping  upon  the  other ;  or  it  may  similarly  separate  and 
the  upper  portion  turn  over  about  one  or  other  of  its  edges  ; 
or  the  material  of  the  wall  may  be  crushed  by  the  pressure 
exceeding  its  cohesion.  Or,  in  case  the  wall  or  abutment 
itself  is  too  strong  to  be  broken  or  crushed,  it  may  still  yield 
in  any  one  of  the  above  ways,  by  either  sliding  upon  the 
surface  of  the  ground,  or  turning  over  upon  one  of  its  lower 
edges,  or  from  the  ground  yielding  under  the  pressure.  For 
example,  let  a  b  c  d.  Figs.  23  and  24,  represent  two  walls, 
each  sustaining  a  pressure  acting  in  the  direction  g  i;  let  £  f 
be  the  vertical  line  passing  through  the  centre  of  gravity,  h 
the  point  in  which  it  is  intersected  by  the  direction  of  the 
pressure ;  also  let  h  k  represent  the  weight  oi  l\i^  ^^^  ^tA 
B I  the  amonnt  of  the  preBBXxre  ;  then  the  diagon^  b.  i*  ^*^ 
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represent  their  resultant  acting  in  the  direction  h  h.  Now, 
let  M  o,  Fig.  23,  be  a  joint  in  the  maeonry  of  the  wall ;  then 
(neglecting  the  adhesion  of  the  cement)  if  the 
M  H  p,  which  the  reaultant  makes  with 
the  perpendicnlar,  be  greater  than  the  Umiting 
angle  of  resistance,  the  upper  portion  of  the 
wall  A  B  N  o  will  slide  npon  the  lower  portion 
D ;  and  if  the  adhesion  of  the  cement 
Pig.ss.  (being  now  taken  into  account)  is  sufficient  to 
prevent  the  wall  separating  at  n  o,  then  will  the  whole  wall 
A  B  0 1)  slide  bodily  upon  the  ground  in  contact  with  its  base 
o  s;  if,  however,  the  angle  which  the  rosultant  r  h  makes 
with  the  perpendicular  to  the  joints  is  less  than  the  limited 
angle  of  resistance,  the  wall  cannot  yield  by  the  sliding  of 
its  parts  npon  each  other ;  and  the  stability  of  the  wall  or 
abutment  will  be  greatest  in  this  respect  when  the  direc- 
tion of  the  resultant  a  u  is  perpendicular  to  all  the  jomts 
and  also  to  its  base  c  d. 

If  the  resultant  h  u,  instead  of  falhng  within  the  base  of 
the  wall,  cut  the  side  ac,  as  in  Fig.  24,  then  will  the  wall 
separate  at  the  nearest  joint  n  o,  and  the 
npper  portion  will  be  overthrown,  turn- 
ing npon  its  edge  at  k  ;  should,  however, 
the  adhesion  of  the  cement  be  sufficient  to 
prevent  the  separation  of  any  of  the  joints, 
then  will  the  whole  wall,  a  b  c  D,be  thrown 
Fig.H.  jjyg|,  bodily,  turning  on  its  lower  edge  o. 

The  wall,  however,  cannot  be  overthrown,  so  long  ae  the  re- 
snltant  keeps  within  its  snbstance,  and  cuts  the  base  c  n ; 
and  its  stability  in  this  respect  will  be  the  greatest  when 
the  resultant  passes  throngh  the  centre  of  its  base  c  n. 

If,  however,  both  the  foregoing  conditions  be  fulfilled,  that 

is,  if  the  resoltant  pass  through  the  centre  of  the  base,  and 

/Zff  direction  be  jieipoDdicnlar  to  the  Bame,  the  Njall  or  abut- 

aieat  m&y  gtill  give  way  by  the  crae\ung  ot  Via  mftXerv^,  oi 
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by  the  yielding  of  the  ground  on  which  it  stands,  if  the 
amonnt  of  the  resultant  pressure  is  greater  than  they  are 
either  of  them  capable  of  supporting. 

The  external  pressures  to  which  walls  are  most  frequently 
exposed  are  those  occasioned  by  the  thrust  of  arches  or  the 
principals  of  a  roof  (both  of  which  we  have  sufficiently  ex- 
plained the  method  of  determining) ;  and  also,  in  the  case  of 
retaining  walls,  the  pressure  resulting  from  earth  or  water 
sustained  by  the  wall,  which  latter  case  we  shall  next  pro- 
ceed to  consider. 

Pbesscre  of  Earth  ob  of  Wateb  aoainst  Walls. 

When  any  kind  of  earth  is  thrown  up  into  a  heap,  the 
sides  assume  a  certain  inclination,  which  is  termed  the  statural 
slope,  and  is  equal  to  the  limiting  angle  of  resistance,  or  the 
angle  at  which  a  mass  of  the  same  earth  would  commence 
sliding  down  its  side. 

When  a  mass  of  earth,  supported  by  a  wall,  as  in  Fig.  25, 
gives  way,  in  consequence  of  the  insufficiency  of  the  wall,  it 
is  usually  found  to  separate  on 
some  plane  do,  the  prism  of 
earth  b  a  d  sliding  down  the  plane 
o  D,  and  overthrowing  the  wall 
by  its  pressure  against  the  back 
B  D.  Let  o  D  be  the  inclination 
at  which  the  earth  separates, 
and  let  us  suppose  the  mass  bod 
to  be  on  the  point  of  sliding,  or  just  kept  in  equilibrium 
by  the  resistance  of  the  wall.  Now,  the  two  pressures 
acting  npon  the  mass  b  g  d  are  its  weight  acting  in  the 
vertical  line  h  i,  and  the  resistance  of  the  wall  acting  in 
the  direction  l  i  ;  theD,  if  we  represent  the  former  by  o  i, 
and  the  latter  by  p  i,  the  diagonal  n  i  will  be  their  resultant, 
and  will  represent  the  pressure  of  the  pnsm  b  <i  \>  M'^Wi  KXi<^ 
plane  od;  then,  since  it  is  upon  the  point  oi  %\\^\Ti%  ^or^^ 
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this  plane,  the  angle  which  n  i  makes  with  a  perpendicolar 
to  the  surface  of  the  plane  d  g  must  be  equal  to  the  limiting 
angle  of  resistance.  Now,  the  weight  of  the  mass  of  earth 
B  a  D  is  equal  to  b  d,  multiplied  by  half  b  q,  and  by  the  weight 
of  a  cubic  foot ;  therefore,  the  more  o  d  is  inclined,  the  longer 
B  a  will  be,  and  the  greater  will  be  the  weight  of  the  earth 
which  the  wall  has  to  support,  and  the  length  of  the  line  o  i 
which  represents  it ;  but  the  more  d  o  becomes  inclined  the 
nearer  will  n  i  approach  to  the  vertical  h  i,  and  therefore  the 
less  will  be  the  line  p  i  representing  the  pressure  of  the  earth 
against  the  wall.  It  must,  therefore,  follow  that  there  is  a 
certain  inclination  for  the  plane  d  o,  which  occasions  the 
pressure  on  the  back  of  the  wall  to  be  greater  than  any  other, 
and  this  is  found  to  be  when  the  angle  b  d  a  is  half  that 
which  the  natural  slope  of  the  earth  d  e  makes  with  the  ver- 
tical, the  angle  e  d  f  being  the  limiting  angle  of  resistance.* 
Now,  in  this  case,  it  may  be  shown  that  the  triangle  n  o  i  is 
similar  to  o  b  d  ;  and  therefore,  if  b  d  represent  the  weight  of 
the  mass  bod,  bo  will  represent  its  pressure  against  the 
wall,  that  is,  the  weight  of  the  earth  is  to  its  pressure  against 
the  wall  as  the  height  of  the  wall  is  to  b  a ;  and  since  the 
weight  of  the  earth  equals  the  height  of  the  wall,  multiplied 
by  half  b  g,  and  by  the  weight  of  a  cubic  foot  of  the  earth, 
it  follows  that  the  pressure  of  the  earth  against  the  wall  is 
equal  to  half  the  square  0/  b  G,  multiplied  by  the  weight  of  a 
cubic  foot  of  the  earth.  With  the  same  earth,  b  g  always 
bears  the  same  proportion  to  the  height  of  the  wall,  which 
proportion  for  the  different  kinds  of  earth  is  given  in  the 
fourth  column  of  the  subjoined  table,  the  height  of  the  wall 
being  taken  as  unity,  and  the  fifth  column  contains  half  the 
square  of  this  fraction,  multiplied  by  the  weight  of  a  cubic 
foot  of  the  earth.  In  order,  then,  to  determine  the  pressure 
produced  against  a  wall  by  different  kinds  of  soil,  we  have 
on/jr  to  mtUHply  the  square  of  the  height  of  the  voaU  in  feet  by 
*  MoBeley'a  '' ifechanical  Principlea  of  "Engvueeivii^i;'  -^^  ^^^« 
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the  number  contained  in  the  last  column  of  the  subjoined  tabU, 
and  the  product  will  be  the  pressure  in  pounds^  acting  horizon- 
tally against  the  back  of  the  wall  at  a  point  (m,  Fig.  25)  one- 
third  of  the  height  of  the  wall  above  its  base. 


Nature  of  the  Earth. 

Weight 

of  a 

cubic 

foot 

in 

poundB. 

i  Value 
Limiting    *^A?  ^' 

|being  1. 

Conatant 
multiplier. 

Fine  dry  sand 

Loo:>e  shingle,  perfectly  dry    . 
Common  earth,  perfectly  dry  ) 

and  pulverulent  .         .         .  j 
The  same,  slightly  moistened,  i 

or  in  its  natural  state  .         .  j 
Earth  the  mo8t  dense  and  com- ) 

pact j 

94 
119 
106 

94 
106 
125 

30       0 
40       0 
39       0 

43     10 
54       0 
56       0 

•577 
-466 
-477 

-433 
•325 
•315 

16-666 
12-933 
12-058 

8-816 
6-595 
6-213 

The  numbers  obtained  by  the  foregoing  rule  represent  the 
active  pressure  which  the  earth  exerts  against  the  wall  tend- 
ing to  push  it  over  about  the  point  o,  and  must  not  be  con- 
founded with  the  passive  resistance  which  it  would  offer  to 
prevent  the  wall  being  overthrown  in  the  contrary  direction 
about  the  point  d.  In  the  first  case,  when  the  wall  is  on  the 
point  of  moving  the  mass  of  earth  b  o  d  is  about  moving 
down  the  inclined  plane  d  o,  pushing  the  wall  before  it ; 
while  in  the  second  case,  when  the  wall  is  about  to  move 
the  same  mass  is  on  the  point  of  being  pushed  up  the  incline. 
Upon  this  supposition  the  angle  b  d  a  becomes  equal  to  the 
complement  of  its  former  value,*  and  therefore  the  resistance 
calculated  for  this  new  value  of  b  o  would  be  much  greater 
than  before.  The  result,  however,  of  mathematical  reason- 
ing in  this  case  gives  a  value  for  this  resistance  far  greater 
than  it  would  be  safe  in  practice  to  calculate  upon  ;  because 
the  ground  not  being  incompressible  wouYi  yiAdi  ttoixi  'Cn'aX. 

*  Moseley'e  '* Mechnnical  Principles  of  EngVueetm^r  V-  ^^"^^ 
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cause,  and  allow  the  wall  to  move  along  before  the  amount 
of  resistance  which  this  calculation  would  show  the  ground 
to  be  capable  of  producing  had  been  exerted. 

In  the  case  of  walls  supporting  water,  such  as  dock  walls 
and  quay  walls,  the  resultant  of  the  pressure  of  the  water 
against  the  whole  surface  of  the  wall  is  a  pressure  acting 
horizontally  at  a  point  two-thirds  of  the  depth  of  the  water 
below  its  surface,  and  equal  in  amount  to  the  square  of  the 
whole  depth  of  the  water  in  feet,  multiplied  by  81*25,  the 
product  being  the  pressure  in  pounds.  The  same  rule  will 
determine  the  pressure  of  water  against  lock  gates,  or  any 
other  vertical  surface.  The  pressure  of  water  increases  with 
its  depth,  and  is  equal  at  any  point  to  the  depth  in  feet 
multiplied  by  62^  lbs.  (the  weight  of  a  cubic  foot) ;  there- 
fore, to  determine  the  pressure  on  any  surface  entirely  im- 
mersed in  water,  whatever  may  be  its  position,  whether 
vertical,  horizontal,  or  inclined,  we  have  only  to  multiply  the 
area  of  the  surface  in  square  feet  by  the  depth  in  feet  of  its 
centre  of  gravity  below  the  surface  of  the  water,  and  by  62J. 

In  the  case  of  walls  sustaining  water,  the  active  resistance 
and  the  passive  pressure  are  precisely  equal. 


CHAPTER  V. 
METHODS  OF  FOR:inNG  FOUNDATIONS. 

The  formation  of  a  firm  and  secure  foandation  upon  which 
to  build  a  stmctore  is  frequently  one  of  the  most  difficult 
operations  which  the  engineer  has  to  perform,  and  the 
method  adopted  must  depend  upon  the  peculiar  circum- 
stances of  the  case.  When  the  natural  ground  is  firm,  and 
sufficient  to  support  the  weight  of  the  structure  to  be  placed 
upon  it,  it  is  only  necessary  to  make  its  surface  level ;  when, 
however,  the  original  surface  has  a  considerable  slope,  it  will 
not  be  necessary  to  bring  it  all  to  one  level,  but  it  may  be 
cat  into  a  series  of  level  benches  or  steps. 

In  most  cases,  however,  the  ground  is  not  sufficiently  firm 
to  be  trusted,  and  it  is  found  necessary  to  adopt  some 
artificial  means  of  increasing  its  resistance.  One  of  the 
most  common  methods  of  doing  this  is  to  drive  long  pieces 
of  timber,  termed  pileSf  vertically  into  the  ground,  until  the 
resistance  which  they  offer  is  sufficient ;  when  they  are  all 
sawn  off  to  the  same  level,  and  a  platform  of  timber  formed 
on  the  top  of  them,  upon  which  platform  the  intended  struc- 
ture is  built.  The  piles  are  usually  about  12  inches  square, 
and  are  pointed  at  the  lower  extremity  and  shod  with  iron, 
to  enable  them  to  penetrate  the  ground  more  easily ;  they 
are  driven  into  the  ground  by  the  repeated  blows  of  a  heavy 
weight  allowed  to  fall  under  the  influence  of  gravity  on  th^vc 
upper  extremity,  which  should  be  8aTr0TXii&e&.  n<i\\3cl  ^V^^*^ 
or  riDg  of  iron,  to  prevent  the  pile  being  f^^^iX.  \i^  V\L%\>Vr«'«i* 
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Fig.  26  is  a  section  of  the  wall  of  the  old  docks  at  Hull, 
supported  upon  three  rows  of  piles  driven  three  feet  apart ; 
each  pile  is  eight  inches  square,  and  ten  feet  in  length. 

Another  method  is  to  throw  the  hase  of  the  Btractare  over 
a  large  sapeificial  area,  which  is  sometimes  done  by  spread- 

^ing  large  masses  of  concrete  over  the  groaud,  and 
spreading  oat  the  wall  with  footings,  or  by  laying 
IftT^e  flat  stones  over  the  ground  as  a  fonndatiou 
rse  upon  which  to  commence  building.      When 
the  soft  gronnd  is  only  superficial,  and  hecomes 
firm  at  a  greater  depth,  it  is  asual  to  excavate  the 
loose  strata,  and  fill  up  to  the  level  of  the  bottom 
of  the  intended  masonry  with  concrete.     When  a 
structure  is  supported  upon  piers  or  detached  pil- 
I,  the  bases  of  which  do  not  cover  a  sufBoieot 
iig.  2«.    area  to  support  them  without  danger  of  settlement, 
datiDD.     the  weight  which  they  carry  may  be  spread  over 
a  much  larger  surface  by  turning  inverted  arches  between 
them,  as  shown  in  Fig.  27. 


Fir. !?.— FoniidBtion  of  IHTUted  AiobM, 

It  sometimes  happens  that  although  the  ground  generally 
may  be  firm,  in  one  or  two  spots  it  may  be  loose  or  soft, 
and  not  capable  of  sustaining  the  requisite  load ;  in  snoh 
cases  an  arch  may  be  turned  over  the  soft  place,  if  not  too 
extensive ;  in  cases,  however,  where  it  has  been  too  wide  to 
be  spanned  by  an  arch,  wells  of  brickwork  have  been 
resorted  to,  which  have  been  sunk  down  to  the  firm  ground, 
and  then  the  structure  built  upon  them.  This  plan  wu 
T-esojied  to  by  Sir  Christopher  Wren  in  building  the  chancel 
o/  Si.  I'Mul'a  Catbedrai,  under  one  cornet  Qt  -^^oatv  s.  large 
pjt,  or pot-AoU,  of  loose  ground  ws*  Io\m4. 
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In  eonelnsion,  we  must  not  omit  to  mention  the  screw- 
pile,  invented  by  Mr.  Alexander  Mitchell,  and  which  has 
been  used  with  great  success  for  the  foundation 
of  lighi-honseSy  in  situations  where  from  the 
depth  of  water  or  loose  nature  of  the  bed,  any 
of  the  ordinary  means  would  have  been  totally 
inefficient.  It  consists  of  a  large  spiral  flange  or 
screw  of  iron,  making  about  one  turn  and  a  half, 
as  shown  in  Fig*  28 ;  it  has  a  square  spindle 
at  A,  npon  which  the  pile  or  column  a  b  is  fixed  ; 
and  it  is  secured  in  the  ground  by  screwmg  it 
down  to  any  depth  that  may  be  found  requisite, 
which  is  easily  effected  by  turning  round  the  pile 

A  B.  Screw  Pde. 


[Foundations  for  large  works  of  construction  are  laid  either 
on  the  natural  rock  or  soil,  if  sufficiently  firm,  or  on  prepared 
surface  where  the  soil  is  of  unequal  density  and  resistance, 
or  is  friable,  soft,  or  subject  to  disturbance  by  the  action  of 
water  or  any  other  external  cause.  The  nature  of  the  soil 
is  ascertained  by  borings.  The  most  solid  bottoms  are  those 
which  are  least  liable  to  compression  and  lateral  movement 
nnder  a  superincumbent  load,  as  unstratified  rock  ;  rock  in 
which,  if  stratified,  the  seams  are  horizontal,  or  are  at  least 
strongly  cohesive  ;  gravel,  dry  sand,  pure  clay,  and  other 
compact  earths  in  their  natural  state.  Faults  and  fissures 
are  frequently  met  with  in  rocky  formations,  occupied  by 
material  of  less  density  and  resistance  than  the  rock.  Such 
weak  places  are  spanned  by  an  arch,  or  they  are  cleared  out 
and  occupied  by  rubble,  masonry,  or  by  concrete ;  or  piles 
are  driven  into  the  weaker  material,  or  the  area  of  bearing 
surface  is  increased.  Beds  of  rock,  with  partings  of  clay 
between  them,  are  not  to  be  trusted,  especially  if  inclined 
in  direction,  a^r  they  are  liable  to  slip,  and  mt^Y  ^"^^  ^^"^^^ 
Beriona  derangement  of  the  superstructure,  \t  fti^  Uii^^iicrj 
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be  not  properljr  met.  In  bailding  a  bridge,  for  instance. 
Fig.  29,  on  inclined  atrata  of  snch  a  natnre,  over  a  ravine, 
whilst  the  foundations  on  the  one  aide  woald  be  perfectly 
eecare,  those  on  the  opposite  side  'would  always  be  liable  to 
diatarbance. 


Fig.  fd,— Fousdntlona  on  Inclined  Btnts. 


A  aniformly  weak  soil  aSbrds  a  better  foondatjon  than  a 
Boil  of  greater  atrength  bat  of  uneqaal  density,  since  on  the 
former  the  settlement  is  uniform,  on  the  latter  unequal.  The 
Campanile,  or  leaning  tower,  of  Pisa,  is  an  instance  of  a 
structure  on  a  base  of  unequal  resistance.  It  is  a  circular 
tower,  178  feet  high,  weighing  11,800  tons,  on  a  base  of 
60  feet  in  diameter,  equivalent  to  a  preasure  of  4  tons  per 
sqnare  foot.  The  soil  is  of  unequal  density,  becoming 
weaker  as  the  River  Arno  is  approached.  In  this  direction 
the  tower  leana,  having  settled  unequally,  and  been  thrown 
out  of  its  originally  vertical  position.  That  the  settlement 
took  place  during  the  progress  of  the  work  may  be  inferred 
from  the  presence  of  the  bars  of  iron  introduced  in  the  first 
and  second  order  to  hold  the  maaa  together,  and  the  differ- 
ence of  the  height  of  the  columns  of  the  £ftb  order.  Almost 
all  the  towers  of  Pisa,  as  well  as  the  observatory  erected  in 
176S,  incline  towards  the  river. 
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Pots  clay,  aafficiently  beneath  the  enrface  to  be  protected 
from  atmospheric  influence,  is  capable  of  bearing  a  pressure 
of  5  tons  per  aqnare  foot,  although  the  pressure  of,  the  Nel- 
son column,  in  Trafagar  Square,  London,  does  not  exceed 
1*30  tons  per  square  foot.  This  column  rests  on  clay  of 
great  depth  and  compactnoEs.  An  excavation  60  feet  square 
and  12  feet,  deep  was  made  and  filled  with  concrete  to  a  depth 
of  6  feet.  On  this  base  a  fmsttun  of  a  pyramid  48  feet 
square  at  the  base,  and  13  feet  high,  was  built  of  brickwork, 
on  which  the  superstructure  was  built.  On  a  base  60  feet 
square,  which  may  be  taken  as  the  real  base  of  active  sup- 
port, the  gross  load  amounts  to  4,665  tons,  equivalent  to 
1*30  tons  per  square  foot,  as  above  stated. 

Foundations  on  gravel  or  on  dry  sand,  if  the  stratum  be 
equal  in  depth  to  the  average  breadth  of  the  foundation,  may 
be  taken  as  practically  incompressible.  The  CampanUe  of 
Cremona,  895  feet  high,  standing  on  pliocene  gravel,  bears 
with  a  pressure  of  12  tons  per  square  foot  of  its  base. 
Water  is  not  likely  to  be  iujurions  to  a  foundation  of  gravel, 
as  it  may  percolate  freely  through  the  material ;  but  to  a 
foundation  of  sand  it  is  dangerous,  and  it  frequently  destroys 
the  character  of  sand  as  a  natural  bearing  stratum.  A  case 
in  point  is  supplied  by  the  instance  of  a  chimney  shaft,  90 
feet  high,  bnilt  upon  quicksand.  The  borings  showed  the 
existence  of  sand  and  water  to  a  depth  of  29  feet  below  the 
snr&ce.  A  1-inch  iron  rod  pitched  upright  at  the  bottom 
of  the  excavation,  which  was  16  feet  deep,  sank  by  its  own 
weight  15  feet  into  the  sand.  To  prepare  the  sand  for  the 
reception  of  the  chimney,  it  was  weighted  with  concrete  to 
the  extent  of  10  cwt.  per  square  foot ;  whilst  the  superficies 
of  the  excavation  was  fixed  upon  the  supposition  that  the 
final  maximum  load  wonid  amount  to  1  ton  per  square  foot, 
the  excavation  being  22  feet  square  and  16  feet  deep.  Con- 
crete woe  thrown  in  to  a  depth  of  8  feet,  making  a  gross 
weight  of  210  tons,  and  it  was  covered  with  a  layer  of  6-iach 
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Yorkafaire  fiaga.  Upon  this  the  brickwork  was  commenced, 
four  courses  in  ceraent,  19  feet  square.  The  footings  were 
decreased  by  balf-brick  offsets,  until  the  work  was  carried 
up  to  within  6  inches  of  the  surface,  where  it  was  reduced 
to  9  feet  8  inches  equare.  The  chimney  shaft,  90  feet  high, 
was  here  commenced,  and  the  settlement  was  about  f  inch 
per  day,  until  a  height  of  20  feet  was  reached.  It  was  then 
increased,  when  the  aettlemeni  averaged  1  inch  per  day  for 
five  days;  and  lastly  it  waa  decreased,  until  the  last  15  feet 
was  added,  when  there  was  no  settlement  at  all.  The  total 
settlement  amoanted  to  16^  inches,  the  work  remaining  per- 
fectly upright  and  witbont  the  slightest  crack.  The  total 
weight  of  the  work,  including  the  filling-in,  amonnted  to 
492  tons,  on  a  base  of  484  square  feet,  being  at  the  rate  of 
1-02  tona  per  aquare  foot. 

The  obvious  tendency  of  sand  saturated  with  water  to 
escape  laterally,  under  the  pressure  of  a  heavy  load,  is  coun- 
teracted by  aheet-piling  driven  well  down  around  the  founda- 
tion below  the  base.  The  tower  of  the  Hamburg  waterworks, 
erected  by  Mr.  W.  Lindley,  supplies  an  instance  of  this 
kind.  The  tower  rises  about  20O  feet  above  the  surface  of 
the  gronnd,  built  of  brickwork  reposing  on  a  circular  maaa 
of  concrete  11  feet  thick  and  56  feet  in  diameter,  founded  on 
quicksand  enclosed  in  sheet-piling  driven  below  the  line  of 
saturation  of  the  river  Elbe.  The  gross  weight  supported 
amounts  to  5,S10  tons,  being  at  the  rate  of  fully  2  tons  per 
aquare  foot  of  base,  on  the  quicksand. 

Platforms  of  timber,  or  fascines,  may  be  employed  upon 
weak  soils  to  increario  the  bearing  snrface  or  area  of  resist- 
ance, provided  they  bo  constantly  wet  and  aubject  to  uniform 
preaaure. 

PtLEB  AKD  Pile -DRIVING. 

8oll  bottoma  may  be  consolidated  by  driving  piles  into 
them,  after  iiaving  been  BunoundeA  Yiy  a^wet-'gitti^,  \»  -^ii*- 
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vent  lateral  diveigenoe  of  the  soil.  The  piles  are  then  sawn 
off  level,  the  groond  between  them  removed  for  a  depth  of 
two  or  three  feet,  the  excavation  filled  with  concrete,  and 
covered  with  pl&nking  to  form  a  platform  for  roceiving  the 
■uperstmctore.  Occaaionally  the  plaulciiig  is  laid,  not  on  the 
beads  of  the  piles  direct,  hnt  on  a.  network  of  horizontal  tim- 
ber, SB  in  Fig.  80.     A  pile,  12  inches  sqoare,  driven  20  fcot 


Fig.  W.— ma  Fonndatlan. 

into  ooze  or  mnddy  sand,  will  not  bear  more  than  9  tons  of 
load.  Driven  into  moderatelj'  compact  olay,  it  will  bear 
12  tone;  into  hard  clay,  it  will  bear  25  tons ;  and  if  it  reaches 
to  a  stratum  of  compact  gravel,  as  mnch  as  80  tons.  From 
the  resalts  of  direct  experiments  made  by  Mr.  R.  P.  Brereton 
on  the  loads  np  to  the  breaking  point,  borne  by  large  fir  or 
pine  piles,  12  inches  square,  of  various  lengths,  the  following 
table  has  been  constructed  firom  plottinga  by  Mr.  Stouey : — 


"{    10    isl  ao    26 


Weight  tbat  cut  be  1 

bonitf  ia   long  psrj  j 

I    tqaanfootottteUoti )  ! 


i  100  eo '  84\ «s\n\u\ 
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This  table  agrees  well  with  the  results  of  experiments  by 
Mr.  Kirkaldy  on  balks  of  Riga  and  Dantzio  timber,  about 
18  inches  square,  having  a  length  of  20  feet : — 

Total  ^®^  square  toot  By  Mr.  Stoney'i 

xoiax.  ofspction.  curve. 

Riga        .     148  tons,  or  126  tons        ...         116  tons. 

Dantzio   .     138    ,,      ,,   116    „  ...         116    „ 


Means    .        119    ^  116 


M  **^       tt 


Another  method  of  treating  soft  bottoms  is  to  excavate 
holes  to  the  depth  of  the  soft  ground  and  refill  them  with 
sand,  gravel,  concrete,  or  other  incompressible  material. 
This  system  is  but  little  employed  in  England,  but  it  is  much 
used  on  the  Continent,  the  method  usually  followed  being  to 
drive  down  a  pile  through  the  soft  material,  then  to  with- 
draw it  and  fill  the  hole  with  sand. 

In  driving  piles  for  a  foundation,  there  are  three  special 
cases : — 1.  That  of  a  pile  driven  through  a  soft  stratum  to 
rest  on  a  hard  bottom.  2.  That  of  piles  driven  into  ground 
more  or  less  capable  of  compression,  for  the  purpose  of 
obtaining  support  from  lateral  pressure.  8.  That  of  piles 
driven  into  moderately  firm  ground  for  the  purpose  of  keep- 
ing them  fixed  in  an  upright  position,  like  pins  in  a  pin- 
cushion. 

In  the  first  case  the  depth  of  the  bearing  stratum  must  be 
ascertained,  and  the  piles  must  be  of  sufficient  length.  The 
work  done  is  squeezing'  rather  than  hammering  until  the 
bearing  stratum  is  reached,  when  the  driving  must  be  con- 
ducted with  great  care  to  avoid  splitting  the  piles.  In  the 
second  case,  trial  piles  must  be  driven  to  ascertain  the  depth 
to  which  they  will  go.  In  the  third  case,  in  which  a  great 
portion  of  the  pile  generally  remains  above  the  level  of  the 
ground,  it  is  necessary  either  to  use  a  high  engine  for  driving, 
or  to  erect  a  staging  at  the  level  to  which  the  heads  of  the 
pi/es  are  to  be  cut  off  when  fully  driven. 
li  IB  always  well  to  drive  with  a  \ieav^  tarn  wA  ^  \qi^ 
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fall,  rather  than  with  a  light  ram  and  a  high  fall.     Mr.  Dob- 
8on*  gives  the  following  scale  for  the  weights  of  rams : — 

For  piles  10  inches  in  diameter,  use  a  16  cwt.  ram. 


»» 

M.M0 

ri 

» 

AV 

»» 

>» 

-16 

»» 

99 

30 

»> 

» 

18 

»» 

»> 

40 

)f 

When  a  considerable  number  of  piles  are  to  be  driven,  it  is 
less  expensive  to  use  steam  power  than  hand  labour, 

Hydbaulig  Foundations. 

Hydraulic  foundations  are  such  as  are  laid  in  rivers,  and 
where  else  water  in  motion  is  to  be  dealt  with.  Foundations 
are  laid  on  natural  surfaces  when  they  consist  of  rock,  or  on 
beds  of  gravel,  sand,  or  stiff  clay  secured  against  scour  by 
aprons,  sheeting,  rubble-stones,  or  other  means  of  protecr 
tion.  When  the  foundations  are  to  be  laid  or  pumped  dry, 
the  ground  is  enclosed  by  dams  where  the  depth  of  water, 
if  the  water  be  still,  is  less  than  10  feet,  or  under  3  or  4 
feet  in  running  water.  A  clay  puddle  embankment,  or  even 
one  of  earth  free  from  stones  and  roots,  forms  a  sufficient 
dam.  A  trench  is  dug  for  its  foundation,  so  as  to  remove 
loose  and  porous  material  from  the  surface  of  the  ground. 
The  leakage  of  a  dam  and  the  danger  of  breaches  increase 
rapidly  in  proportion  to  the  head  of  water.  A  solid  dam 
may  be  made  of  concrete,  but  it  is  expensive  to  constn^ct 
and  troublesome  to  remove, 

Cofferdams. 

In  greater  depths  cofferdams  are  constructed,  taking  up 
less  room  and  being  less  liable  to  be  water-worn  or  breached 
than  an  earthwork  dam.  A  cofferdam  consists  essentially 
of  two  parallel  rows  of  main  piles  and  sheet  piles,  enclosing 
between  them  a  vertical  wall  of  clay  puddle.  The  upper 
wales  of  the  two  rows  of  piles  are  tied  log|^\]icL^x  Vj  ^x^^% 

♦  /fe«^r  £nffiHeering,  1877,  page  U^. 
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beams,  which  support  a  stage  of  planking  for  the  workmen. 
The  main  piles  in  one  row  are  at  distances  of  from  5  to  10 
feet  apart.  The  ground  is  excavated  between  the  rows  of 
sheet  piles  until  a  sufficiently  firm  bottom  is  reached,  and 
the  puddle  is  rammed  down  in  layers.  The  width  of  a 
cofferdam  is  often  as  great  as  the  head  of  water ;  but  if  the 
cofferdam  is  strutted  inside,  so  that  the  clay  merely  acts  as  a 
watertight  lining,  the  width  need  not  exceed  from  4  to  6  feet. 
When  the  height  exceeds  from  12  to  15  feet  or  so,  three  or 
four  parallel  rows  of  sheet  piling  are  driven,  thus  dividing 
the  thickness  of  the  dam  into  two,  three,  or  more  equal 
divisions,  each  of  about  6  feet  thick.  In  constructing  a 
cofferdam  the  first  step  is  to  drive  guide-piles  at  short  inter- 
vals along  the  line  of  dam,  and  to  bolt  on  to  them  horizontal 
timbers,  or  walings,  to  guide  the  sheeting  piles  in  their 
descent.  The  guide-piles  are  of  whole  timbers,  the  walings 
generally  half-balks.  The  dam  erected  for  the  entrance  to 
St.  Eatherine's  Docks,  London,  is  shown  in  Figs.  81  and  82. 

In  cofferdams  enclosing  a  limited  area,  as,  for  instance, 
the  site  of  the  pier  of  a  bridge,  the  required  strutting  to 
resist  the  pressure  of  water  is  placed  within  the  dam,  across 
from  side  to  side,  the  struts  being  removed  as  the  work  pro- 
ceeds. In  constructing  dams  for  a  wharf  wall,  in  front,  the 
strutting  is  differently  applied :  a  series  of  buttresses,  or 
counterforts,  are  placed  at  short  intervals,  from  which  dams 
are  strutted,  with  raking  horizontal  struts,  as  exemplified  in 
the  cofferdam  used  in  the  construction  of  the  river  wall  of 
the  Houses  of  Parliament,  Figs.  88  and  84. 

The  cofferdam,  Fig.  85,  constructed  for  the  works  of  the 
Great  Grimsby  Dock,  in  the  river  Humber,  is  an  excellent 
example  of  a  dam  constructed  to  resist  a  great  head  of  water, 
and  to  withstand  storms  of  great  violence.  While  there  was 
a  rise  of  25  feet  of  tide  outside,  there  was  inside  a  depth 
of  excavation  12  feet  below  low  water,  made  for  laying  the 
foaudation  of  the  locks.    The  dock  works  were  commenced 
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D  1846,  from  the  designB  of  Ur.  Rendel,  and  completed  iu 


Fig.  11.— Dun,  Bt.  Katbnins'i  Docki. 
1860.     The  cofferdam  depended  solely  on  its  own  strength 
and  form  of  cooBtraction  for  the  reqniaite  etabUlt^,  u  ^.V«t% 


fi4 
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waB  DOthiDg  in  its  whole  length  of  1,600  feet  from  which  it 
coald  derive  snpport.  In  plan,  the  form  of  the  dam  consisted 
of  two  circular  arcs  of  150  feet  and  600  feet  radins  reepec- 
tively,  with  a  straight  return  on  the  west  side.  The  versed 
sine  of  the  carved  portion  was  200  feet,  or  about  l-6th  of  the 


V       / 

Fig.  S3.— Dun,  Bt.  K&tliaris*'a  Dock. 

span.  The  dam  consisted  of  three  rows  of  whole-timber 
sheet-piling  ofBaltic  yellow  pine,  from  18  inches  to  15  inches 
eqnare ;  the  ontside  row  battered  i  inch  to  a  foot.  The 
sheeting  was  all  driven  between  gauge  piles,  placed  10  feet 
upmrt,  and  the  power  employed  was  ihat  of  tivo  stationary 
9  borae-povfOT,  working  tiieli(B  ^mvdjiii%4.na&a. 
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from  which  the  chains  were  led  to  ordmary  pile  engines 
The  last  three  piles  dnven  in  each  bay  were  sawn  to  a  taper 


in  opposite  directions,  so  as  to  wedge  the  remaining  piles  of 
the  bay  closely  together.     The  piles  in  the  front  row  ave- 


Tig.  34.— Cofferdun ;  Flan. 

nged  58  feet  in  length,  and  those  ol  tbe  otiiCT  itj-wa  Wi  'isseS. 
Jaag.    The  pUea  were  Jeft  from  28  fcei  to  Wi  UA  vJo'ss'i 
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ground,  all  of  them  having  been  driven  down  enfficiently  &r 
to  enter  a  bed  of  hard  clay.  The  vidtb  between  the  first 
and  second  rows  of  piling  vas  7  feet ;  and  that  between  the 
second  and  the  back  rows  was  6  feet.  The  puddle  clay  occu- 
pying these  Bpaoes  wan  mixed,  for  the  first  6  feet  in  height, 
with  one-fonrth  part  of  small  broken  chalkstone,  and  perfect 
consolidation  was  insured  by  tipping  the  puddle  throoghont 
from  earth  waggons  on  the  top  of  the  dam.    The  front  and 


Tig.  36.— Coffetdam,  Omt  Orlmibr  Bock. 

back  rows  of  piling  were  secured  by  five  tiers  of  whole-timber 
double  walings ;  but  in  the  centre  row  the  three  lowest  tiers 
of  waling  are  replaced  by  bands  of  wrought  iron  6  inches 
wide  by  1  mch  thick,  keyed  together  in  lengths  of  12  feet, 
and  forming  a  continuous  tie  on  either  side  of  the  piling 
from  the  two  extremities  of  the  dam,  and  exposing  an  nnin- 
termpted  Bu^Bce  on  botb  sides  or  {acee  o{  Uift  eh«et-piling, 
io  order  tba,t  the  paddle  might  at  all  tlme&^e  cXtnoV^  «.^\i\«'b 
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it  withont  leaving  any  of  those  voids  which  are  inseparable 
from  the  use  of  ordinary  timber  walings  in  snch  situations, 
and  which  serve  as  channels  for  any  water  that  may  pass 
along  the  throngh  bolts.  The  long  bolts  broke  joint,  that  is, 
they  were  in  two  lengths,  screwed  np  separately  to  the 
central  piling.  They  were  2^^  inches  in  diameter  below,  and 
reduced  to  If  inches  above. 

The  cofferdam  was  fortified  by  a  novel  system  of  coanter- 
forts  or  buttresses,  each  18  feet  in  depth  and  20  feet  in 
length,  consisting  of  close-driven  rows  of  whole-timber  sheet- 
piling,  springing  from  the  back  row  of  the  main-pile  sheeting, 
at  intervals  of  26  feet  between  centres.  This  arrangement 
was  found  to  be  completely  successful  for  stiffness  and  capa- 
city for  resisting  the  pressure  of  the  highest  spring-tides. 
In  severe  storms  the  shocks  of  the  waves  against  the  coffer- 
dam scarcely  produced  any  sensible  effect.* 

Mr.  Wm.  Cubitt  referred  to  this  work  as  the  longest,  the 
strongest,  the  deepest,  and  the  soundest  work  of  the  kind  he 
had  ever  seen.  The  cost  of  the  dam  amounted  to  £29  per 
lineal  foot,  or  to  £22  per  foot  after  allowing  for  the  timber 
drawn. 

A  form  of  cofferdam,  Fig.  86,  buttressed  similarly  to  the 
cofferdam  just  noticed,  was  employed  in  the  construction  of 
the  Victoria  Embankment  on  the  river  Thames,  for  the  Temple 
Pier.  For  this  pier,  irregular  in  outline,  projecting  at  places 
upwards  of  80  feet  beyond  the  ordinary  line  of  the  wall,  it 
was  necessary  to  place  the  dam  so  far  out  as  to  embrace  the 
greatest  projection,  and  altogether  it  would  have  required  struts 
of  57  feet  in  length.  To  reduce  the  length  of  struts  required, 
and  at  the  same  time  to  strengthen  the  dam,  buttresses  were 
placed  at  intervals  of  20  feet  and  were  11  feet  in  width. 
The  bed  of  the  river  was  dredged  out  to  the  clay,  into  which 

•  "  Description  of  the  Cofferdam  at  Great  Grimsby."    B^  Cj\\»x\«5A 
Neate.     Proceedinffs  of  the  Institution  of  Civil  £ng\neert,  \^^^ — ^^<» 
vol  ix;  page  1. 
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piles  12  inches  square  were  driven,  fonning  a  6>feet  apace 
for  puddle,  with  walings  and  struts  14  inches  square.  The 
piles  were  driven  9  feet  into  the  clay.  The  rise  of  spring 
tides  was  18  feet  6  inches,  and  provision  was  made  for  22  feet 
rise  of  water.  The  dredged-ont  spaces  were  filled  np  on 
both  sides  of  the  dam  with  a  miitore  of  gravel  and  olay, 
which  was  of  great  value  in  increasing  the  stability  of  the 
dam.  This  dam  was  481  feet  6  inches  in  length.  It  was 
fonnd  by  means  of  ganges  along  the  upper  waling  that,  at  high 


Tig.  S6.— Coffradun,  Tldorii  EmbuikmeDt. 

water,  the  dam  yielded  by  from  1}  inches  to  3^  inches.  The 
puddle  was  composed  of  London  clay  and  a  sixth  part  of 
gravelly  loam. 

It  had  originally  been  proposed  by  the  contractor  to  con- 
struct the  dams  similar  to  those.  Fig.  8S,  erected  at  the 
houses  of  Parliament.  It  was  ultimately  decided  by  the 
engineer,  Bir  Joseph  W.  Bazalgette,  that  the  outer  face  of 
the  dam  should  not  be  farther  than  16  feet  from  the  founda- 
tion treoch.  Nos.  1  and  2  were  therefore  constructed 
according  to  Fig.  87 ;    made  double  to  exclude  the  water. 
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front  and  back.     The  r«maiiung  dams  were  conslractied  as 
in  Fig  36,   the  inner  row  of  piles  bemg  placed  bo  aa  to 


ooincide  with  the  r 
of  the  wall.     Im 


r.— Csffeidun,  Tictoria  Embenkmrat- 

ver  face  of  the  concrete  in  the  fonndation 
lediatoly  behind  each  of  the  back-strut 


Fig.  38.— Cofferdam,  Vlctotl*  Embankment. 

piles  a  masB  of  mbble-Btones  was  tougU^  \)'Qi\\.  \»  %.^^  Vi 
tie  Tetislance  and  distribute  the  ptCBBUiB  011^6  c^vcSN^-^Yi^V 
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No.  6  dam  yielded  by  from  1  inch  to  4  inches  at  high  water. 
The  yielding  was  dne  to  the  fact  that  the  ground  behind  the 
back  piles  was  not  sufficiently  compact  to  resist  the 
enormous  pressure  of  the  tide. 

The  quantities  of  material  used  in  the  construction  of  the 
dams  were  as  follows : — ^In  dams  Nos.  1  and  2,  117  cubic 
feet  of  timber,  202  lbs.  of  iron,  9  cubic  yards  of  puddle,  per 
lineal  foot  of  dam.  In  the  Temple  Pier  dam,  timber  152 
cubic  feet,  iron  285  lbs.,  puddle  9  cubic  yards,  per  lineal 
foot.  For  Nos.  4  and  5  the  quantities  were  nearly  the  same 
as  for  the  Temple  Pier  dam.  The  cost  of  the  dam  was 
£18  lis.  4d.  per  lineal  foot,  and  of  its  removal,  £1  4s., 
together  £19  15s.  4d. ;  nett  cost,  allowing  for  value  of  old 
material,  £17  4s.  lOd. 

For  the  construction  of  other  portions  of  the  embankment, 
wrought-iron  caissons  were,  at  the  suggestion  of  Sir  Joseph 
Bazalgette,  used  instead  of  the  timber  dams  to  effect 
a  saving  of  cost  by  using  the  same  caissons  two  or  three 
times  in  different  parts  of  the  dam.  The  caissons  were 
constructed  of  wrought-iron  plates,  i  inch  and  i  inch  thick, 
in  half  oval^  rings  bolted  together  in  pieces,  so  as  to 
form  elliptical  sections  12^  feet  long  by  7  feet  wide,  and 
H  feet  deep.  The  sections  were  bolted  together  vertically, 
and  in  all  cases  rested  on  a  cast-iron  section  as  a  base,  with 
a  lower  cutting  edge  to  penetrate  the  soil  the  more  easily. 
The  caissons  were  placed  side  by  side  between  guide-piles, 
and  were  made  watertight  at  the  points  of  contact  with  felt 
packing.  Each  ring  weighed  80  cwts.,  and  cost  £16  15s.  per 
ton.  The  base  of  cast-iron  weighed  82  cwts.  The  caissons 
were  sunk  to  a  depth  of  4  feet  into  the  clay  by  excavating 
the  ground  within  them,  and  were  weighted  with  cast-iron 
blocks  of  9  cwts.  each.  The  ground  was  excavated  in  three 
modes :  by  manual  labour,  the  water  being  kept  down  by 
a  chain  and  bucket  ^nm]^ ;  by  manual  labour  and  pneumatic 
pressure  against  the  water  ;    and  by  a  te\eEco^\t  ^t^^^w 
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with  endless  chain  and  backets,  the  water  rising  and  falling 
with  the  tide.  The  quantity  of  work  done  on  the  three 
systems  respectively  was  as  60,  45,  and  100,  and  the  cost 
was  as  100,  88,  and  55.  The  cost  of  the  dam  was  £29  10s. 
per  lineal  foot,  and  of  its  removal  17s.  6d,  together 
£80  7s.  6d. ;  and,  deducting  for  value  of  iron  used  a  second 
time  and  value  of  old  material,  the  nett  cost  was  £14  lis. 
per  lineal  foot,  as  against  £17  4s.  lOd.,  the  nett  cost  of  the 
timber  cofferdam. 

The  use  of  single  sheet-piling,  tongued  and  grooved, 
may  be  resorted  to  where  the  structure  may  be  strutted 
across  from  side  to  side,  or  shored  from  a  solid  mass  be- 
hind it. 

Hollow  timber  frames,  without  a  bottom,  and  made 
watertight  at  the  bottom  after  being  lowered,  are  suitable 
for  building  piers  of  bridges  in  water  from  6  feet  to  20  feet 
deep,  on  rocky  beds,  or  where  there  is  only  a  slight  layer  of 
silt. 

A  rubble  mound  foundation  is  sometimes  used  for  dams, 
when  any  settlement  can  be  repaired  by  adding  fresh  material 
to  the  top. 

A  framing  not  made  water-tight  may  be  sunk,  inside  which 
concrete  is  run,  and  the  framing  remains  as  a  protection  for 
the  concrete  aud  is  surrounded  by  a  toe  of  rubble. 

Concrete  can  be  deposited  in  situ  for  bridge  foundations  ; 
and  though  concrete  blocks  are  only  employed  in  sea  works, 
bags  of  concrete,  like  those  used  at  Aberdeen  by  Mr.  Dyce 
Cay,  might  be  sometimes  employed  instead  of  rubble -stones 
for  forming  the  base  of  piers  or  for  preventing  scour. 

Cylindrical  Foundations. 

The  piers  of  bridges  in  India  are,  in  most  instances,  sup- 
ported  on  wells  or  hollow  cylinders  of  brickwork.      The 
first  length,  £rom  5  to  10  feet  high,  is  placed  qh  ^  Ci\t^\i\»x 
wooden  framework  on  the  ground.      It,  \a  tti^n  ^gc^xwi^ 


62 


THE   RUDIMEKTS   OF   CIVIL   ENGINEERING. 


sunk  by  a  man  inside  undermining  it,  and  another  length  is 
placed  on  the  top.  As  these  operations  are  generally  con- 
ducted in  the  silty  or  sandy  beds  of  rivers  which  become  dry 
in  summer,  there  is  no  running  water  to  contend  with  ;  but 
water  percolates  into  the  excavation  and  then  the  natives 
use  a  '*  jham,"  by  which  they  remove  the  earth  from  under 
water. 

The  use  of  iron  cylinders  for  foundations,  it  appears,  was 
first  resorted  to  by  Mr.  J.  6.  Bedman,  at  Gravesend.  Iron 
cylinders  are  preferred,  in  certain  cases,  to  cylinders  of 
brick,  masonry,  or  concrete,  on  account  of  the  ease  with 
which  they  are  lowered  in  deep  water  on  the  river  bed, 
and  afterwards  built  up  solid  with  masonry.] 
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CHAPTER  I. 

COMMON  ROADS. 

Determination  op  Route. 

In  the  laying  out  of  either  a  canal,  common  road,  or  railway, 
the  first  and  one  of  the  most  important  points  to  he  considered 
is  the  determination  of  its  ronte  or  general  coarse.  The 
selection  of  the  hest  line  should  he  guided  hy  many  circum- 
stances, amongst  which  the  following  are  the  most  im- 
portant. The  primary  ohject  heing  usually  the  connection 
of  two  distant  towns,  it  is  desirahle  to  obtain  the  most  direct 
and  shortest  means  of  communication,  which  in  point  of  dis- 
tance would  obviously  be  a  straight  line.  But  it  is  very 
seldom  that  a  perfectly  straight  line  can  be  obtained,  be- 
cause there  are  other  requisites  equally  desirable,  which  can 
seldom  be  attained  by  taking  the  most  direct  route  ;  these 
are — as  little  deviation  in  the  surface  of  the  road  or  canal 
from  a  perfect  level  as  possible  (avoiding  steep  inclines  in  one 
case  and  locks  in  the  other),  economy  in  the  construction  of 
the  line,  the  cost  of  which  will  be  principally  affected  by  the 
unevenness  of  the  original  surface  of  the  country,  the  nature 
of  the  ground,  and  the  number  of  streams,  meia,  to«^^%>^^., 
required  to  be  crossed  by  bridges.     Tbere  \a  «iso  WioSXict 
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circumstance  which  frequently  makes  it  desirable  to  leave 
the  direct  and  take  a  somewhat  circuitous  course,  and  this  is 
the  passing  through  or  near  to  the  intermediate  towns  lying 
between  the  terminal  ones,  by  which  the  country  generally  is 
better  served,  and  an  accession  of  traffic  brought  to  the  road 
or  canal. 

The  course  of  the  best  line  depending  on  so  many  circum- 
stances, it  will  be  easily  understood  that  it  requires  much 
care  and  consideration  on  the  part  of  the  engineer  for  its 
selection.  In  6rder  to  obtain  the  requisite  data,  or  the 
information  upon  which  to  form  his  judgment,  he  usually 
proceeds  to  a  general  examination  of  the  district,  in  which, 
assisted  by  some  good  map  showing  the  physical  features  of 
the  surface,  and  accompanied  by  some  person  conversant 
with  the  country,  he  ascertains  the  courses  of  the  valleys 
and  hills,  makes  general  inquiries  as  to  the  nature  of  the 
strata,  the  position,  population,  and  trade  of  the  neighbour- 
ing towns, and  all  other  points  which  may  affect  his  selection. 
He  then  sketches  out  one  or  more  lines  which  appear  to 
him  to  be  most  advantageous  ;  these  he  has  carefully  surveyed 
and  levelled  over,  having  also  cross  levels  taken  by  which 
he  may  be  able  to  ascertain  whether  any  benefit  may  be  ob- 
tained by  deviating  from  the  line  at  first  laid  down. 

Being  thus  in  possession  of  all  the  requisite  information, 
he  finally  determines  the  course  of  the  line,  which  is  then 
laid  down  upon  the  plan,  and  also  marked  on  the  ground  by 
driving  a  wooden  stake,  about  18  inches  in  length,  into  the 
ground,  upon  the  centre  of  the  intended  road  or  canal,  at 
convenient  distances,  usually  a  chain  (or  66  feet)  apart. 
Very  careful  levels  are  then  taken  over  the  line  thus  marked 
out,  every  undulation  in  the  surface  of  the  ground  being 
taken  notice  of;  the  width  of  every  stream,  river,  canal, 
ro&A,  &c,,  is  measured,  as  also  the  level  of  its  surface  and 
^Ite  exact  angle  (called  the  angle  kA  «Vq^^  -^Mch.  its 
direction  makes  with  that  of  the  line ;  \l  \a  «2Lao  n^^i^^^vrs 
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where  the  surface  of  a  road  crossed  by  the  line  will  require 
to  be  altered,   to  have     ^ 
levels  taken  along  it  for 
a  short  distance,  so  that 
the     exact    amount    of 
such  alteration  may  be 
accurately     determined. 
From  these  levels  a  sec- 
tion must  be  formed  re- 
presenting upon    paper 
the    undulations  of  the 
ground ;     in    order     to 
render  these  more  easily 
perceptible,  it  is  usual  to  ^& 
distort    the    section    by   g 
drawing  the  lengths  and   J^ 
heights  to  different  scales.   |. 
For    example,    suppose   ^ 
Figure  89  to  represent  a 
section  of  a  short  line  of 
railway.     The  irregular 
line,  A  B  o  D  s  F  o,  re- 
presents the  surface  of 
the  ground ;  but,  in  order 
to  render  the  undulation 
in  the  same  more   dis- 
tinct, the  horizontal  dis- 
tances are  drawn  on  a 
scale  of  60  chains  to  the 
inch,  that  is,  every  inch 
measured  along  the  line 
I  H  represents  a  distance 
of  60  chains  or  8,800  feet 
on    tba   ground;   while 
the  vertical  heigbta  are 
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drawn  to  a  scale  of  100  feet  to  the  inch,  that  is,  every  inch 
measured  in  a  direction  perpendicular  to  the  line  i  k  repre- 
sents a  height  of  100  feet.  It  is  nsnal  to  refer  the  levels  to 
some  fixed  point  termed  the  Datum,  which  in  the  present 
instance  is  taken  45  feet  helow  the  surface  of  the  ground 
at  the  point  a  ;  a  line  i  k  called  the  datum  line,  heing  then 
drawn  horizontally  through  the  datum,  the  heights  of  the 
ground  at  any  point  are  always  measured  from  it. 

The  levels  having  been  taken  and  the  surface  of  the  ground 
plotted  or  drawn  in  section,  the  next  step  is  to  determine  the 
levels  at  which  the  intended  road  or  railway  shall  be  formed ; 
the  latter  being  the  most  difficult  and  requiring  the  most  con- 
sideration, will  afford  us  the  best  example.  Now,  the  prin- 
cipal objects  to  be  borne  in  mind  are — to  make  the  surface  of 
the  railway  as  nearly  level  as  possible,  to  make  the  cuttings 
and  embankments  balance  each  other,  that  is,  to  make,  as 
nearly  as  may  be,  the  quantity  of  ground  excavated  from  the 
higher  parts  equal  to  that  required  to  form  the  embankment 
across  the  more  depressed  parts,  to  alter  and  afifect  preju- 
dicially the  existing  roads,  &c.,  as  little  as  practicable,  and  to 
keep  the  cost  of  the  line  as  low  as  possible.  In  the  present 
instance  roads  are  crossed  at  b,  d,  e,  and  f,  of  which  it  is 
desirable  that  only  e  should  be  altered  in  level ;  there  are 
also  two  rivers  c  and  a,  both  of  which  require  a  bridge 
having  a  clear  headway  of  at  least  17  feet.  Now,  in  order  to 
pass  under  a  road  without  raising  it,  the  rails  must  be  18  feet 
below  its  surface,  and,  in  order  to  leave  a  clear  headway  of 
17  feet  at  c,  the  rails  must  be  made  20  feet  above  that  point. 
If,  then,  we  draw  a  line  at  a  d  fulfilling  these  conditions,  it 
will  represent  the  surface  of  the  rails,  and  the  railway  will  be 
in  cutting  from  a  to  l,  and  on  an  embankment  from  i  to  d. 
The  distance  a  d  is  90  chains,  or  5,940  feet,  and  the  height 
of  the  rails  at  a  40  feet  above  the  datum,  and  at  d  45  feet 
above  the  aame,  being  a  rise  of  5  feet  in  a  di&iance  of  5,940  feet, 
or  1  foot  in  1,188,  which  is  the  mc\ma\ioii  oi  ^S^i^  walw!.^  qH 
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the  rails,  and  is  technically  termed  the  gradient.  The  next 
point  requiring  consideration  is  the  road  at  f,  in  order  to 
avoid  raising  which,  the  level  of  the  rails  must  he  kept  as 
before  18  feet  below  its  surface  ;  then  putting  the  point  m 
that  distance  below  f,  and  drawing  the  line  d  m,  it  will 
represent  the  surface  of  the  rails,  the  whole  distance  being 
in  cutting.  The  cutting  at  e  being  only  10  feet  in  depth,  it 
will  be  necessary  to  raise  the  road  at  that  point  8  feet,  in 
order  to  obtain  sufficient  headway  for  the  railway  to  pass 
under  it.  A  cross  section  must  be  made  similar  to  that 
shown  in  the  figure,  in  which  the  whole  line  a  h  represents 
the  original  surface  of  the  road,  the  dotted  line  c  d  the  pro- 
posed surface  of  the  road  after  being  raised  8  feet,  the  inclina- 
tion at  which  it  is  to  be  formed  being  1  in  20,  and  the  short 
thick  line  ^/the  level  of  the  rails.  The  distance  from  d  to 
M  is  10  furlongs,  or  6,600  feet,  and  the  rise  of  the  rails 
66  feet,  or  1  in  100,  which  is  the  gradient  of  that  portion  of 
the  railway.  In  arranging  the  level  of  the  line  from  m  to  h, 
we  must  take  care  to  leave  a  headway  of  17  feet  in  passing 
over  the  river  at  o,  and  at  first  sight  this  might  appear  to  be 
the  only  circumstance  to  be  attended  to.  If,  however,  the 
levels  were  so  arranged  as  only  to  leave  a  headway  of  17  feet 
at  the  river,  the  line  would  terminate  with  a  descending  gra- 
dient of  1  in  108,  which  would  be  very  objectionable, 
because  it  is  always  desirable  to  make  a  railway  approach 
the  terminus  on  the  level,  or  even  with  a  rising  gradient, 
which  latter  serves  the  double  purpose  of  checking  the  speed 
of  trains  coming  in,  and  assists  in  quickly  getting  up  the 
speed  of  those  going  out.  It  will,  therefore,  be  advisable  to 
raise  the  line  so  as  to  lessen  the  rate  of  inclination,  the  doing 
which  will  be  attended  with  very  little  expense,  because  the 
cutting  from  d  to  m  will  afford  all  the  material  required  for  form- 
ing the  embankment.  If  we,  therefore,  increase  the  gradient 
to  1  in  600,  the  distance  from  m  to  H  being  1  ivxx\o\i%^  ^\ 
4,620  feet,  the  fall  in  the  line  will  be  7'7  teet,  Widi  MJiex^tot^ 
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its  level  at  the  terminus  108*8  feet  above  the  datnm ;  and 
it  will  be  in  catting  from  m  to  o,  and  on  embankment  from 
o  to  H. 

Op  the  Course,  Gradient,  and  Transverse  Section  op 

THE  Road. 

In  determining  the  coarse  of  a  road,  it  is  frequently  neces- 
sary, in  order  to  avoid  some  obstacle,  to  change  or  alter  its 
direction ;  in  such  cases,  the  larger  and  more  regular  the 
curve  of  the  road  is  made  the  better,  although  with  common 
roads  it  is  not  necessary  to  pay  so  much  attention  to  this 
point  as  with  raUways,  and  in  some  instances  a  very  sharp 
curve  or  bend  may  be  found  necessary. 

In  arranging  the  levels  of  a  road  (as  also  a  railway  or 
canal)  it  is  very  desirable  to  avoid  undulations  in  its  surface, 
that  is,  successive  inclined  planes  alternately  rising  or  falling, 
since  much  power  is  required  to  be  expended  in  going  up 
the  hills,  while  very  little  will  be  saved  in  descending  them. 
When,  therefore,  the  two  towns  to  be  connected  are  nearly 
on  the  same  level,  we  should  endeavour  to  make  the  surface 
of  the  road  as  nearly  level  as  possible  ;  and,  when  one  town 
stands  on  a  higher  level  than  the  other,  the  connecting  road 
should  be  formed  as  nearly  as  possible  with  a  regular  incli- 
nation rising  from  the  lower  to  the  higher.  This  may 
frequently  be  partially  effected  by  making  the  road  wind 
round  the  side  of  steep  hills,  or  deep  valleys,  keeping  in 
each  case  at  the  level  required ;  it  is,  however,  very  seldom 
that  we  can  entirely  attain  this  desirable  condition  of  the 
surface  of  the  road. 

When,  however,  undulations  in  the  surface  of  the  road  are 

unavoidable,  we  should  endeavour  to  make  them  as  slight  as 

possible,  the  limit  (except  in  very  urgent  cases)  being  that 

inclination  at  which  a  carriage  once  set  in  motion  upon  the 

road  would  eontmue  to  descend  by  t\ie  tkclion.  of  gravity 

aJoite,  because,  if  the  hill  is  eieepeT  \]i[i«ii  V)b^>  ^«  t^^xn»%^ 
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would  have  its  motion  accelerated  in  descending,  and  wonld 
press  upon  the  horses,  urging  them  forward  beyond  a  safe 
speed.  This  limit  is  attained  when  the  inclination  of  the 
road  is  made  eqnal  to  the  limiting  angle  of  resistance  for  the 
materials  composing  its  surface,*  and  therefore  varies  with 
the  nature  of  the  road,  depending  for  its  value  upon  the 
force  required  to  move  a  given  load  upon  it.  The  following 
table  exhibits  the  force  required  to  move  a  load  of  a  ton  on 
each  of  the  roads  described,  as  also  the  b'miting  angle  of 
resistance  and  the  greatest  inclination  which  ought  to  be 
given  to  the  road : — 


Description  of  the  zoad. 


Well-laid  pavement    .... 

Broken  stone  surface,  on  a 
bottom  of  rough  pavement  or 
concrete 

Broken  stone  surface,  laid  on 
an  old  flint  road 

Ghravel  road 


33 


46 

65 
147 


^2 


1 

0» 

1 

60'     1 

V 

1 

11' 

V 

40' 

s** 

46' 

1  in  68 


1  in  49 

1  in  34 
1  in  46 


In  arranging  the  cross  section  of  a  road,  the  width  must 
depend  upon  the  locality  and  the  amount  of  traffic ;  for 
roads  much  frequented  between  large  towns  the  width  should 
not  be  less  than  80  feet,  with  one  footpath  of  about  6  feet 
in  width,  and  on  approaching  the  immediate  neighbour- 
hood of  the  city  it  may  be  increased  to  45  or  50  feet,  with 
two  footpaths,  each  of  6  feet.  The  form  of  its  cross  section 
should  be  rounding,  in  order  that  rain  falling  upon  it  may 
readily  drain  off  and  not  remain  in  puddles,  which  would 

*  The  expression  "  limiting  angle  of  resistance"  ia  liot  \x«i^  \2k!&T^ 
eiauftljr  in  ita  ordinary  sense,  but  means  the  angle  at  ^wYiViYL  ^  <»xTsa%'^ 
once  Bet  in  motion  would  continue  to  roll  down  the  mcVMife- 
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soak  through  and  soften  the  foundation  of  the  round.  The 
form  most  usually  adopted  is  that  of  a  flat  ellipse,  but  this 
is  not  so  good  as  the  segment  of  a  circle,  or,  better  still, 
two  tangents  joined  by  a  segment,  the  ellipse  being  too  flat 
in  the  centre  of  the  road  and  giving  too  great  an  inclination 
at  its  sides.  With  a  width  of  80  feet,  the  crown  of  the 
road  should  not  be  more  than  6  inches  above  the  sides,  and 
in  most  cases  it  would  be  better  not  to  make  it  more  than 
4  inches  higher.  The  surface  of  roads  should  always  be  as 
much  exposed  to  the  free  action  of  the  sun  and  wind,  by 
which  rain  falling  upon  it  is  speedily  evaporated  and  its 
surface  is  maintained  dry ;  for  which  reason  high  fences  or 
hedges  by  the  sides  of  roads  are  objectionable,  as  are  also 
trees  standing  by  the  roadside,  which  not  only  impede  the 
sun  and  wind,  but  also  injure  the  road  by  the  drippings  of 
rain  falling  from  their  leaves.  Ditches  should  be  formed  on 
each  side  of  the  road  to  catch  the  water  draining  from  its 
surface ;   and   on  the  side  on  which  is  the  footpath  small 


Fig.  40.— Cross  Section  of  a  Common  Boad. 

drains  should  be  formed  under  the  same,  to  lead  the  water 
from  the  gutter  on  that  side  into  the  ditch.  Figure  40  ex- 
hibits a  road  80  feet  in  width,  with  one  footpath  6  feet 
wide,  having  its  cross  section  of  the  form  recommended 
above,  and  with  side  ditches. 

However  efficiently  the  surface  of  a  road  may  be  drained 

by  preserving  its  cross  section  of  the  proper  form  and  free 

from  depressions  and  ruts,  and  although  freely  exposed  to 

the  action  of  the  sun  and  wind,  unless  the  superficial  coating 

of  the  road  is  very  compact,  some  portion  of  the  rain  falling 

apon  it  will  soak  through,  and  find  iIb  ^^i^  \iO  \2ki^  IokoA^- 
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tion  apon  which  the  road  is  formed.  It  is  therefore 
cnstomary  in  good  roads,  in  order  to  remove  any  water 
which  may  thus  find  its  way  to  the  suhstratnm  of  the  road, 
to  form  open  tile  drains  across  the  road  at  certain  intervals, 
depending  npon  circumstances,  hat  nsoally  ahout  60  yards 
apart,  and  having  a  slight  inclination  from  the  centre  of  the 
road  into  the  ditches  on  each  side.  When  the  road  is  level, 
these  transverse  drains  should  run  straight  across  it  at  right 
angles  to  its  direction ;  hut,  when  it  is  inclined,  the  drains 
should  be  formed  as  shown  on  the  plan,  Fig.  41,  making  an 
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Fig.  41.- Drainage  of  Eoad. 

angle  in  the  centre  of  the  road,  from  which  point  they  run 
straight  each  way  into  the  side  ditch,  slightly  inclined  in  the 
direction  in  which  the  road  falls. 


Of  the  different  kinds  of  Boads,  and  the  Materials 
employed  in  their  construction. 

In  the  construction  of  any  kind  of  road,  the  point  requir- 
ing the  first  care  is  to  form  a  good  and  sufficient  foundation  ; 
hy  properly  attending  to  which,  although  the  cost  of  its 
formation  may  he  somewhat  increased,  any  additional  outlay 
on  that  account  will  he  more  than  repaid  hy  the  saving 
which  will  result  in  the  expense  of  repairing  the  road.  In 
the  general  practice,  the  formation  of  a  good  foundation 
is  seldom  sufficiently  attended  to,  the  principal  care  being 
usually  bestowed  upon  the  superficial  coating ;  if,  however, 
the  foundation  of  the  road  is  deficient,  no  e^^  oi  ^iL^^xi^a^^ 
bestowed  upon  the  covering  will  render  ttift  lo^kOi  ^x>x«XJvft 
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It  should  be  borne  in  mind  that  the  snbstratum  is  really  the 
working  road  which  has  to  support  the  weight  of  the  passing 
traffic,  and  that  the  office  of  the  covering  is  simply  to 
protect  the  actual  road  beneath  it  from  wear. 

Boads  may  be  divided  into  two  kinds,  those  which  have 
their  surface  protected  by  paving,  whether  of  stone,  wood, 
&c.,  and  those  whose  surface  is  formed  by  a  covering  of 
broken  stones,  or  macadamised.*  The  latter  method  derives 
its  name  from  the  gentleman,  Mr.  Macadam,  by  whom  they 
were  first  brought  into  notice. 

In  forming  a  macadamised  road,  if  the  ground  is  firm  and 
dry,  the  only  preparation  required  is  to  bring  its  surface  to  a 
true  level ;  should  it  however  be  at  all  wet,  or  of  a  marshy 
character,  the  portion  upon  which  the  road  is  to  be  formed 
should  be  first  carefully  and  thoroughly  drained,  which  may 
usually  be  most  effectually  done  by  cutting  deep  drains 
running  parallel  to  the  intended  course  of  the  road  on  either 
side  of  it,  and,  if  it  is  found  necessary,  forming  cross  drains 
between  them  having  a  fall  each  way.  The  ground  having 
been  thus  drained,  a  covering  of  turf  or  of  brushwood,  the 
latter  not  less  than  6  inches  in  thickness  when  compressed, 
should  be  laid  over  the  surface  of  the  soft  ground,  and  upon 
this  should  be  spread  a  covering  of  8  or  4  inches  of  clean 
gravel,  the  upper  surface  of  which  should  be  level.  The 
foundation  of  the  road  should  now  be  formed,  by  laying  a 
kind  of  rough  pavement  as  shown  in  the  section,  Fig.  48, 
consisting  of  rough  stones  of  any  kind  of  stone  that  can  be 
most  readily  procured,  laid  carefully  by  hand  with  their 
broadest  faces  on  the  ground.  These  stones  should  be  not 
less   than   7   inches   in   depth  in  the  centre   of  the  road, 

*  The  term  macadamised  roads  should  strictly  be  applied  only  to 

Bach  roads  as  are  formed  entirely  of  broken  stones  without  any  rough 

pBvement  for  their  foundation ;  but  of  late  years  it  has  been  found 

conrmueat  to  apply  the  term  to  all  roada  com^cAOi^  ol  «isv!i  repaired 

mib  broken  Btones, 


COMMON    ROADS.  73 

gradually  diminishing  to  8  inches  in  depth  at  the  sides,  and 
the  interstices  between  them  should  be  carefully  filled  with 
stone  chippings,  so  that  the  upper  surface  when  finished  may 
form  a  regular  curve  with  a  convexity  of  about  4  inches. 
The  material  for  forming  the  surface  of  the  road  should  then 
be  laid  on,  forming  a  uniform  coat  6  inches  in  thickness. 
For  the  centre  portion  of  the  road  care  should  be  taken  to 
select  a  stone  which  is  hard  and  not  friable  ;  granite,  whin- 
stone,  and  the  harder  limestones  are  the  best  suited  for  this 
purpose ;  and  they  should  be  broken  into  angular  fragments, 
the  largest  of  which  should  be  capable  of  being  passed 
through  a  ring  2^^  inches  in  diameter.  For  the  sides  of  the 
road  well-cleansed  strong  gravel  may  be  used.  A  good 
binding  of  clean  gravel  perfectly  free  from  earth  or  clay, 
about  2  inches  in  depth,  should  then  be  laid  over  the  entire 
surface  of  the  road.  It  is  better  to  put  only  4  inches  of  the 
broken  stone  at  first,  and,  after  this  has  become  consolidated 
by  the  traffic,  then  to  lay  on  the  remaining  2  inches,  care 
being  taken,  however,  to  fill  up  any  ruts  which  may  have 
been  formed. 

As  much  care  and  attention  are  required  for  the  economical 
repair  of  roads  as  for  their  first  construction.  Particular 
care  should  be  taken  that  the  side  ditches  and  drains  are 
kept  clear  and  free  from  any  obstruction ;  ruts,  hollows,  and 
inequalities  in  the  road  should  be  filled  up  the  moment  they 
appear,  the  best  time  for  doing  which  is  after  wet  weather, 
when  they  are  not  only  more  readily  seen,  but,  the  road 
being  then  soft,  the  new  material  works  in  without  being 
crushed  or  ground  to  powder,  for  which  reason  the  proper 
time  for  the  general  repair  of  roads  is  about  April  and 
October.  Nothing  tends  more  to  the  preservation  of  a  road 
than  keeping  its  surface  clean  and  free  from  mud,  which 
should  be  continually  scraped  ofi*  and  never  allowed  to 
accumulate. 
Id  coDBtracting  paved   roads,  tlie  a&m^  cwtft  ^Jtiwi^^  \i^ 
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taken  to  secnre  a  good  foundation  as  in  forming  macadamised 
roads.  The  most  perfect  foundation  for  pavement  is  a  bed 
of  concrete,  the  thickness  of  which  must  depend  npon  the 
nature  of  the  ground  beneath  it,  but  should  in  no  case  be 
less  than  6  inches,  and  its  upper  surface  should  be  formed 
with  a  regular  convexity  similar  to  that  intended  to  be  given 
to  the  road.  Two  different  kinds  of  materials  are  used  for 
paving  roads,  viz.  stone  and  wood ;  of  the  former,  the  stone 
most  generally  employed  is  granite,  and  the  best  description 
of  pavement  consists  of  narrow  stones  not  more  than  4 
inches  in  thickness  and  about  9  inches  in  depth  placed 
edgewise.  The  stones  should  be  beaten  into  their  places  by 
a  heavy  wooden  beetle  and  grouted  with  a  thin  lime  grout- 
ing, after  which  a  covering  of  fine  clean  gravel,  about  1^ 
inch  in  thickness,  should  be  evenly  spread  over  its  surface . 
Wooden  pavement  has  been  successfully  employed  for 
several  years  in  Russia,  and  has  lately  been  introduced  into 
England,  and  is  far  superior  to  stone  pavement  as  regards 
the  comfort  both  to  passengers  and  residents,  arising  from 
the  evenness  of  its  surface  and  the  absence  of  noise.  Many 
different  kinds  have  been  tried,  the  objects  sought  for  being 
to  prevent  irregular  settlement  of  the  blocks  and  to  remove 
the  slipperiness  of  its  surface ;  the  former  of  these  objects 
has  not  yet  been,  nor  will  it  ever  be,  attained  while  the 
unyielding  quality  is  sought  to  be  obtained  from  the  pavement 
itself,  and  so  little  attention  is  paid  to  the  formation  of  a 
firm  foundation.  The  timber  should  merely  be  regarded  as 
a  durable  and  elastic  covering  to  protect  the  solid  and  well- 
formed  road  which  ought  to  be  first  constructed  under  it. 


CHAPTER  n. 

CONSTRUCTION  OF  MODERN  MACADAM  ROADS. 

[The  levels,  gauges,  plnmmet-rnles,  and  prong-shovels  for- 
merly employed  in  the  setting- ont  and  constmction  of  roads 
are  not  now  ased.  **  Boning-rods  "  are  nsed  for  fixing  the 
inclination  of  the  surface,  longitudinally  and  transversely,  hy 
the  eye. 

In  the  construction  of  metropolitan  roads  of  the  first  class, 
when  the  ground  has  heen  excavated  and  levelled,  it  should 
be  rolled  when  it  consists  of  clay.  A  bottoming,  or  bed, 
12  inches  thick,  of  '*  hard-core  "  is  laid  on  the  ground  ;  it 
may  consist  of  brick  rubbish,  clinker,  old  broken  concrete, 
broken  stone  or  shivers,  or  any  other  hard  material  in  pieces. 
The  bed  is  rolled  down  to  a  thickness  of  9  inches,  and  any 
loose  or  hollow  places  are  made  up  to  the  level.  Next  comes 
a  layer  of  Thames  ballast,  5  inches  thick,  rolled  solidly  to  a 
thickness  of  8  inches.  The  ballast  serves  to  fill  up  vacancies 
in  the  bottoming,  and,  being  less  costly,  saves  so  much  of 
the  cost  for  broken  granite.  Broken  granite,  or  macadam, 
is  laid  upon  the  prepared  surface  of  the  ballast,  in  two  suc- 
cessive layers,  8  inches  thick,  rolled  successively,  to  a  com- 
bined thickness  of  4  inches  ;  a  layer  of  sharp  sand,  i  inch 
or  i  inch  thick,  should  be  scattered  over  the  sebond  layer 
and  rolled  into  it,  with  plenty  of  water.  But  it  is  better  to 
add  the  sand  and  the  water  as  the  second  layer  of  granite  \& 
laid,  and  to  roll  them  well  together. 

Second-class  metropolit&D  roads  are  TiSTiaWy  C0TiB\x\k^\j^  ^^ 

£  2 
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a  hard  core  of  brick  rubbish  or  other  material,  abont  9  inches 
thick,  and  a  layer  of  broken  granite  or  of  flints,  abont  4  inches 
thick.  The  material  is  not,  in  general,  submitted  to  rolling 
other  than  the  action  of  the  traffic. 

In  transverse  section,  the  contour  of  the  road  is  a  segment 
of  a  circle.  All  roads  and  streets  are  or  should  be  circular 
in  section.  The  general  practice  is  in  this  respect  at  variance 
with  the  practice  recommended  by  Mr.  Law,  page  70,  when 
he  recommends  that  the  section  of  the  surface  should  be 
formed  of  two  inclined  straight  lines,  joined  by  a  flat  curve 
at  the  middle,  forming  a  species  of  ridge.  The  advantage 
of  the  circular  section  consists  in  the  fullness  given  to  the 
<*  shoulders  **  of  the  road,  which  lie  in  the  lines  of  traffic  on 
each  side  of  the  centre-line  of  the  road,  and  thus  present  a 
full  wearing  surface. 

Estimates  have  been  formed  of  the  relative  tear  and  wear 
of  roads  due  to  the  action  of  the  shoes  of  horses  and  the 
action  of  wheels.  Mr.  Telford  considered  that  the  tearing 
up  of  a  well-made  road  by  horses'  feet  was  much  more  in- 
jurious to  the  road  than  the  rolling  pressure  of  wheels.  Sir 
John  Macneil  was  of  the  same  opinion ;  and,  according  to  tut 
estimate  formed  by  him,  it  appears  that,  for  **  the  generality 
of  roads,"  the  wear  of  and  injury  to  roads  may  be  apportioned 
as  follows  for  fast-coach  traffic :  Atmospheric  changes,  20 
per  cent, ;  wheels,  20  per  cent. ;  and  horses'  feet  that  draw 
the  vehicles,  60  per  cent.  For  waggon  traffic,  the  second  and 
third  causes  of  wear  were  adjusted  in  the  proportions  of 
85  per  cent,  and  45  per  cent. 

From  these  and  other  considerations,  it  is  obvious  that  the 
wear  of  macadam  roads  must  necessarily  be  much  greater 
than  that  of  paved  roads  or  streets.  Mr.  Mitchell's  remark- 
able analysis  of  the  material  of  a  macadam  road  places  this 
conclusion  in  a  clear  light. 
A  cable  yard  of  broken  etone  metal,  of  an  ordinary  size — 
finches  or  2^  inches  cube — ^when  Bcieened  vn^V^^^WcL^oi^w 
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in  regular  layers  6  inches  thick,  contains,  according  to  Mr. 
Mitchell,  11  cubic  feet  of  interspaces,  as  tested  by  filling  np 
the  metal  with  a  liqnid.  Herr  E.  Bokeberg,  of  Hanover, 
who  made  many  very  careful  experiments  on  the  proportion 
of  vacuity  to  solid  material,  found  that  in  a  loosely  heaped 
cubic  yard  of  broken  stones  void  space  amounted  to  one-half  of 
the  total  volume.  A  large  portion  of  the  vacant  space  becomes 
filled  with  mud,  which  forms  the  cementing  matter,  ground 
from  the  metal,  the  primitive  mass  of  broken  stone  being 
crashed  into  every  variety  of  form  down  to  the  finest  sand. 
Mr.  Mitchell  gives  the  result  of  an  analysis  of  a  portion  of 
the  crust — 2^  cubic  feet — of  the  macadamised  road  in  the 
Mall,  St.  James's  Park,  which  was  taken  up  for  examination. 
One  cubic  yard  contained : — 

Cubic       Per 
feet.       Cent. 

Mnd 1100  or  41 

Sand,  with  pebbles,  not  exceeding  -fg  inch  thick  2*40  or    9 

Stones,  from  iV  ii^ch  to  ^  inch   .                 .        .  6 '56  or  24 

Stones,  from  |  inch  to  1  inch     ....  4*48  or  16} 

Stones,  from  1  inch  to  2^  inches        .        .        .  2*56  or    9\ 


Total  volume,  I  cubic  yard    27*00  or  100 

From  this  analysis  it  appears  that  less  than  9i  per  cent,  of 
the  original  stone  remained  unground,  whilst  40  per  cent, 
of  it  was  reduced  to  sand.  These  proportions,  taken  as  they 
stand,  are  too  favourable  for  the  duration  of  the  stone  in  that 
instance,  for  no  doubt  the  sample  was  a  sample  of  the  re- 
mains of  stone,  much  of  which  must  have  been  swept  or 
washed  off  out  of  sight.  Mr.  Burt,  then,  cannot  be  far  amiss 
when  he  estimates  that  one-third  of  the  loose  road  material 
used  in  London  is  literally  wasted  by  being  ground  up  under 
the  trafiic  before  the  consolidation  of  the  surface  is  effected. 
The  logical  inference  is,  that  a  macadamised  road  is  not 
properly  fit  for  tra&o  unleBB  it  is  condenaei,  coni&cXA'dX^) 
sad  reduced  to  a  bard  and  regular  surfaoe  by  BXulaXA!^  «^^v 
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ances.  The  road-roller  has  long  been  Buccessfiilly  employed 
in  France  and  Germany  for  this  purpose.  A  well-rolled 
road  covering  contains  at  least  from  70  to  80  per  cent,  of 
mass  of  stone,  leaving  only  from  20  to  80  per  cent,  of  inter- 
mediate space,  most  of  which  should  be  filled,  especially  at 
the  top,  with  clean  sand.  In  a  cubic  yard,  the  spaces  would 
amount  to  from  5i  to  8  cubic  feet,  which  would  prove  that 
the  spaces  are  reduced  by  rolling  to  nearly  one-half  of  the 
amount  when  the  new  metal  is  not  rolled.  It  is  scarcely 
necessary  to  insist  on  the  increase  of  durability,  and  the 
clear  gain  in  economy  of  maintenance  of  the  road,  by  effi- 
cient rolling,  which,  it  seems,  was  first  applied  in  1830, 
although  but  imperfectly  appreciated  in  England  until  about 
the  year  1848,  when  the  first-published  recommendation  in 
the  English  language  of  horse  road-rolling,  as  a  measure  of 
economy,  was  issued  by  Sir  John  Burgoyne,  in  his  paper 
''  On  Rolling  new-made  Roads.''  Steam  road-rollers  have 
been  employed  in  Paris  since  about  the  year  1864,  and  were 
brought  into  use  in  England  a  few  years  later.  Messrs. 
Aveling  and  Porter,  who  have  had  much  experience  in  the 
manufacture  of  steam-rollers,  have  constructed  them  of  two 
classes,  each  on  four  rollers,  weighing  15  tons  and  20  tons. 
They  are  said  to  be  capable  of  rolling  2,000  square  yards  of 
new  macadam  per  day,  at  a  cost  averaging  158.,  making  an 
average  of  10  or  12  square  yards  rolled  for  Id. 

Mr.  G.  F.  Deacon  states  that  at  Liverpool,  under  a  15- ton 
steam-roUer,  preceded  by  a  watering-cart,  1,200  yards  of 
trap-rock  macadam,  without  blinding,  can  only  be  mode- 
rately consolidated  by  twenty- seven  hours  continuous  roll- 
ing. If  blinded  with  hard-rock  chippings  from  a  stone- 
breaker's,  the  same  area  may  be  moderately  consolidated  by 
the  same  roller  in  eighteen  hours.  If  blinded  with  siliceous 
gravel  from  i  inch  to  the  size  of  a  pin's  head,  mixed  with 
mboat  one-fowrUk  part  of  macadam  Eweepin^  obtained  in  wet 
wemtber,  the  area  may  be  tkoroug^y  ooYi&oM%XAdL  m  \^<i^ 


ooNsrrRucnoN  of  modern  macadam  roads. 


79 


boors.  Macadam,  he  addg,  laid  according  to  the  last  method, 
wears  better  than  that  laid  by  the  second,  and  that  laid  by 
the  second  much  better  than  that  laid  by  the  first. 

Messrs.  Aveling  and  Porter  have  since  designed  a  lighter 
roller  of  7^  tons  weight,  arranged  like  an  ordinary  traction 
engine,  mnning  on  rollers  in  place  of  wheels. 

A  macadamised  road,  constructed  in  the  best  manner, 
with  metal  laid  nine  inches  deep,  cost,  in  1877,  at  London 
prices,  6s.  8d.  per  square  yard.  The  cost  for  maintenance 
of  several  principal  macadamised  thoroughfares  in  London, 
exclusive  of  watering,  has  been  stated,  by  various  competent 
authorities,  as  foUowa : — 


Parliament  Street    . 

Ditto 
Bridge  Street,  Westminster     . 
Great  George  Street,  Westminster 
Westminster  Bridge  (Old) 
Piccadilly 

Ditto 

Ditto 

Begent  Street  .... 
Cranbonme  Street  and  north  side  of 

Leicester  Square    . 
Park  Lane        .... 
Knightsbridge  .... 
GrosTeoor  Place 
Buckingham  Palace  Road 


Year. 

1856 

1869 

1856,  1869 
1856 
1854 
1834-63 


Anntial 
cost  per 
aq.  yard. 
B.    d. 


2 
3 
3 
0 
2 
2 


1870   38.6d.to4 


1879 
1876 

1870 
1879 
1879 
1879 
1879 


4s.  to  6 
3 

2 
3 
3 
3 
3 


4 
3 

6i 

6i 
0 

5 

0 

0 

7 

0 
6 
6 
0 
0 


In  the  Hackney  district  of  the  metropolis,  according  to 
Mr.  Lovegrove,  the  statistics  of  twenty- one  different  streets 
showed  that  the  cost,  including  granite,  rolling,  watering, 
labour,  and  covering  material,  varied  from  9fd.  in  High 
Street,  Homerton,  to  Is.  9Jd.  in  Bradbury  Street,  per  square 
yard  per  year.  The  coating  of  granite  laid  on  varied  from  a 
minimum  of  1  inch  to  a  maximum  of  8  inches  in  l\i\ck\i<^'&'&«^ 


•  JVxwfedinfs  of  the  Institution  of  Civil  in^ineers^irol.  Vim.  '^.  ^t. 
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For  the  maintenance  of  the  suburban  highways  of  the 
metropolis,  the  cost  for  maintenance  averaged  T^d.  per 
square  yard  in  1855.  In  Birmingham,  about  the  same 
period,  the  cost  averaged  4d.  per  square  yard,  with  2d. 
extra  for  watering  and  cleansing.  In  Derby,  in  1876,  the 
cost  for  maintenance  averaged  lid.,  cleansing  4^d.,  and  the 
total  cost  was  Is.  S^d.  per  square  yard  per  year.  In  Great 
Howard  Street,  Liverpool,  the  nett  cost  for  maintenance 
amounts  to  8s.  6d.  per  square  yard  per  year. 

For  macadam,  the  hardest  stones — as  Guernsey  granite  and 
Penmaenmaur  greywacke — are  the  most  suitable.  Their 
slippery  qualities,  objectionable  in  pavement,  are  of  no  mo- 
ment in  macadam,  whilst  their  hardness  and  toughness  are 
valuable  qualities.  In  India,  the  stones  used  for  macadam 
are  granite,  trap,  and  the  hard  limestones  and  sandstones. 
Laterite,  which  is  a  hard  sandstone,  is  very  much  used  in  the 
Madras  roads ;  but  it  is  comparatively  soft,  and  does  not 
bear  much  traffic.  Kunkur  is  the  material  chiefly  used  in 
India ;  it  is  a  peculiar  formation  of  oolitic  limestone,  found 
generally  in  the  form  of  nodules,  sometimes  in  masses  a  little 
below  the  surface  of  the  earth.  It  makes  an  excellent  road, 
but  it  requires  constant  repair  if  the  traffic  is  heavy. 


Asphalt  Macadam. 

Asphalt  macadam,  a  bituminous  concrete,  has  been  suc- 
cessfully practised  in  Liverpool.  It  is  absolutely  impervious 
to  moisture,  and  has  been  laid  at  a  cost  of  8s.  6d.  per  square 
yard,  six  inches  deep;  or,  including  general  charges,  8s.  9d. 
per  square  yard.  The  asphalt — a  mixture  of  pitch  and  dead 
oil — is  poured  hot  into  the  stratum  of  macadam,  sinking  to 
the  bottom  and  filling  the  smallest  crevices.  On  the  surface, 
while  the  asphalt  is  still  warm,  la  laid  a  thin  stratum  of 
small  broken  atone,   which  is  ihoroxxgYiiV^  To\!iA^  \xi\>Q  "Csi^ 
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asphalt,  and  fills  np  the  upper  spaces  between  the  larger 
stones.  As,  in  the  process  of  rolling,  the  soft  asphalt  rises 
between  the  smaller  stones,  still  smaller  riddlings  are  scat- 
tered over  it,  until  a  perfectly  true  and  uniform  surface  is 
obtained.] 


CHAPTER  m. 

ROADS  IN   FRANCE. 

[In  France  the  canseway,  previously  to  1776,  was  generally 
18  feet  wide,  with  a  depth  of  18  inches  at  the  middle  and 
12  inches  at  the  sides.  Stones  were  laid  flat,  hy  hand,  in 
two  or  more  layers,  on  the  bottom  of  the  excavation.  On 
this  foundation  a  layer  of  small  stones  was  placed  and 
beaten  down,  and  the  surface  of  the  road  was  formed  and 
completed  with  a  finishing  coat  of  stones  broken  smaller 
than  those  immediately  beneath.  As  the  roads  were,  down 
to  the  year  1764,  maintained  by  statute  labour  {la  corvee)  ^ 
with  which  the  reparations  could  only  be  conducted  in  the 
spring  and  the  autumn  of  each  year,  it  was  necessary  to 
make  the  thickness  of  the  roads  as  much  as  18  inches,  that 
they  might  endure  during  the  intervals  between  repairs.  With 
less  depth,  they  would  have  been  cut  through  and  totally 
destroyed  by  the  deep  ruts  which  were  formed  in  six  months. 
The  suppression  of  statute  labour  in  1764  was  the  occasion 
of  a  reformation  in  the  design  of  causeways,  whereby  the 
depth  was  reduced  to  such  dimensions  as  were  simply  strong 
enough  for  resisting  the  weight  of  the  heaviest  vehicles.  The 
depth  was  reduced  to  a  uniform  dimension  of  9  or  10  inches 
from  side  to  side,  and  the  cost  was  diminished  more  than 
one-half.  Writing  in  1775,  M.  Tresaguet,  engineer-in-chief 
of  the  generality  of  Limoges,  stated  that  roads  constructed 
on  ibe  improved  plan  lasted  for  ten  ye«r«,\mdQx  a  Bystem  of 
caoatBDt  mHinteDcmcOf  and  thai  they  Nveie  m  «a  %oq^  ^q\x« 
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dition  as  when  first  constructed.  The  section  of  these  roads, 
as  elaborated  by  M.  Tresagnet,  is  shown  in  Fig.  42.  The 
form  of  the  bottom  is  a  parallel  to  the  surface  at  a  depth  of 
10  inches.  Large  boulder-stones  are  laid  at  each  side.  The 
first  bed  consisted  of  rubble-stones  laid  compactly  edgewise, 
and  beaten  to  an  even  surface.  A  second  bed,  of  smaller 
stones,  was  laid  by  hand  upon  the  first  bed.     Finally,  the 


%Tk^u%:iifcl.«ifct:ii^§^ 


Fig.  4i.— Old  Boad«  in  France. 

finishing  layer  of  small  broken  stones,  broken  by  hand  to  the 
size  of  walnuts,  was  spread  with  a  shovel.  Great  care  was 
taken  in  the  selection  of  stone  of  the  hardest  quality  for  the 
upper  surface.  The  rise  of  the  causeway  was  6  inches  in 
the  width — 18  feet — or  1  in  86.  This  system  was  generally 
adopted  by  French  engineers  in  the  beginning  of  the  present 
century,  although  on  soft  ground  they  placed  a  layer  of 
flat  stones  on  their  sides  under  the  rubble- work.  In  this 
case  the  thickness  was  brought  up  to  20  inches.  The  rise 
of  the  causeway  was  as  much  as  1  in  24,  and  often  equal  to 
1  in  20. 

But,  though  the  design  was  good,  the  maintenance  was 
bad.  Large  and  unbroken  stones  were  thrown  into  the 
holes  and  ruts,  and  neither  mud  nor  dust  was  removed. 
About  the  year  1820,  the  system  of  Mr.  Macadam  attracted 
some  attention  in  France,  and  the  peculiar  virtue  of  angular 
broken  stone  in  closing  and  consolidating  the  surface  was 
recognised.  About  the  year  1880,  it  is  said,  the  system  of 
macadam  was  officially  adopted  in  France  for  the  construc- 
tion of  roads ;  and  M.  Dumas,  engineer-in- chief  of  the  Fonts 
et  Chaussees,  writiug  in  1848,*  stated  that  the  system  of 
macadam  was  generally  adopted  in  France,  ^udi  Mlti^Hi  Vlsi^ 

♦  uirmaUs  det  Fonts  $t  Chau-U%,  1843,  tome  6,  'J.  ^^^. 
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roads  were  maintained,  by  continuous  and  watchful  attention 
in  cleansing  and  repairing  them,  in  good  condition,  realising 
his  motto,  **  The  maximum  of  beauty.'*  But  the  employ- 
ment of  rollers  for  the  preliminary  consolidation  and  finish- 
ing of  the  road  has  been  an  essential  feature  in  their  con- 
struction and  their  maintenance ;  for  it  has  long  been  held 
in  France  that  a  road  unrolled  is  only  half  finished.  It 
appears,  according  to  Mr.  F.  A.  Paget,  that  the  horse-roller 
was  introduced  in  France  in  1888.  At  all  events,  in  1884, 
M.  Poloncean,  struck  by  the  viciousness  of  the  mode  of 
aggregating  or  rolling  the  material  of  the  road  by  the  action 
of  wheels,  proposed,  in  the  first  place,  to  consolidate  the 
.bottom  by  means  of  a  6-ton  roller,  and  to  roll  the  material 
in  successive  layers  consecutively,  and  thus  to  complete  in  a 
few  hours  what  might,  in  the  ordinary  course  of  wheel- 
rolling,  require  many  months  to  perform. 

The  width  of  the  old  roads  of  France  was  excessive, 
amounting  sometimes  to  nearly  80  feet,  having  the  18  feet 
pavement  in  the  middle,  as  already  described.  They  are 
now  made  of  widths  of  from  8  to  14  metres,  or  from  26  feet 
to  46  feet.  Type-sections  of  French  and  Belgian  roads  are 
shown  in  Figs.  48  and  44.  The  6-ton  roller  already  men- 
tioned has  a  diameter  of  from  6  feet  to  6^  feet,  and  is  5  feet 
wide  ;  weighing,  empty,  8  tons,  and,  full,  6  tons.  The  maxi- 
mum weight,  when  loaded,  should  be  from  8  to  10  tons. 
These  weights  give  a  pressure  varying  from  112  lbs.  to 
870  lbs.  per  inch  of  width,  the  sufficiency  of  which  has  been 
proved  by  experience.  The  empty  roller  is  first  used,  then 
the  full  roller,  and  lastly  the  weighted  roller.  Sand  or 
other  binding,  with  water,  is  thrown  on  the  surface  at 
intervals.  The  material  binds  most  speedily  when  the 
thickness  is  4  or  5  inches.  The  surface  is  kept  up  by  the 
nse  of  a  stamper  or  rammer,  weighing  from  15  lbs.  to  20  lbs., 
whieb  IB  8  iDcbea  in  diameter  at  the  \>«k&e,  «liod  with  iron. 
-d  road  ibuB  conairucieA  is  superior  to  a  to^id.  ^  ox  \^  m^^^ 
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in  thickaefls,  eoDeolidated  b;  wheels,  and  with  snceeseire 
additione  of  material.  The  flanka  or  bermea  of  the  roada 
(accotementt),  consisliDg  of  the  natnral  groaad,  are  fit  for 


Fig.  43.— Fmuh  Eotit. 


Fig.  M.— Bclgiu  Bsadl. 

traffic  doriog  the  greater  part  of  the  year.  "  All  these  pro- 
ceedings," Bays  M.  Damaa,  "  have  for  their  baeis  the  prin- 
ciple of  the  maximum  of  beauty."'\ 


CHAPTER   IV. 
STONE  PAVEMENTS. 

In  the  ^ City  of  London,  granite  sets  of  comparatively  large 
dimensions  were  at  first  used — from  6  to  8  inches  wide  on 
the  surface,  by  from  10  to  20  inches  long,  with  a  depth  of 
9  inches.  As  originally  laid,  they  were  merely  laid  in  rows 
on  the  subsoil,  and  after  the  usual  process  of  grouting  and 
ramming,  the  street  was  thrown  open  for  the  traffic  which 
was  expected  to  perform  the  last  duty  of  the  paviour,  and  to 
settle  each  stone  upon  its  bed.  The  large  wooden  rammer 
of  84  lbs.  weight  was  insufficient  for  the  purpose  of  enabling 
the  pavement  to  resist  without  further  movement  the  per- 
cussion of  heavily- weighted  wheels.  In  1850,  and  probably 
for  some  time  previously,  it  had  become  the  general  practice 
to  make  a  good  substratum  of  ^'  hard  core,"  consisting  of 
shivers,  brick  rubbish,  clinkers,  or  other  hard  material, 
usually  laid  to  a  depth  of  from  9  inches  to  12  inches,  though 
15  inches  of  depth  has  been  laid  in  the  principal  streets. 
Upon  the  hard  core  was  laid  a  stratum  of  sand,  into  which 
the  stone  sets  were  bedded.  Fig.  45  shows  a  section  of 
King  William  Street  as  originally  paved. 

The  long  continuance  of  the  system  of  paving  with  large 
blocks  resulted  from  the  experience  of  their  great  durability 
and  economy  in  first  cost.  But  they  did  not  affi)rd  sufficient 
fooihold  for  horse  traffic.     Granite  sets  of  less  width  were 

mttfoqaentiy  hid  ;  they  were  5  inches  and  4  yqcIlqs  in  width ; 

■^  Mtmlly  0et8  of  only  8  inoheain  md^Jki-Nwet^Vfti^,  'tXift 
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8- inch  sets,  "with  a  depth  of  nine  inches,  although  they  were 
considered  to  he  the  least  dorahle  and  the  greatest  in  first 
cost,  proved  to  he  hy  far  the  safest  for  paving,  and  they 
gave  a  greater  degree  of  satisfaction  than  the  wider  sets. 
The  merit  of  their  introduction  is  due  to  Mr.  Walker,  under 
whose  direction  Blackfriars  Bridge  was,  in  1840,  paved  with 
d-inch  granite  sets.  Regarding  the  question  in  all  its  hear- 
ings, Colonel  Haywood,  the  engineer  and  surveyor  to  the 
Commissioners  of  Sewers  of  the  City  of  London,  concluded 
that  the  B-inch  granite  sets,  heing  safest,  as  giving  the  hest 
foothold,  were  the  hest  for  large  towns  of  great  traffic. 


Fig.  46.— King  WiUiam  Street. 

Granites  of  various  qualities  have  heen  tried  for  street 
pavements  in  the  City  of  London — Aberdeen,  Guernsey, 
Herm,  Devonshire,  Cornish,  Mount  Sorrel,  in  Leicester- 
shire. The  harder  and  more  durable  granites — ^like  the 
Guernsey  and  the  Mount  Sorrel  granites — though  the  more 
economical,  possess  the  fault  of  slipperiness  when  set 
in  pavement.  The  less  durable  granites  wear  roughly,  and 
afford  a  better  foothold  for  horses.  Hence  it  is  that,  for  the 
sake  of  public  convenience,  the  hardest  and  most  durable 
granites  are  not  used.  Aberdeen  blue  granite  sets  have  for 
the  most  part  been  used  in  the  construction  of  City  pave- 
ments ;  they  are  considered  to  be  the  best,  taking  together 
the  first  cost,  the  durability,  and  the  absence  of  slipperiness. 

Typical  sections  and  plans  of  a  50-feet  street  for  the  City 
of  Londoi?  are  shown  in  Figs.  46,  47,  and  4&.    T\i^  ^ilVx^isi^ 
width  of  the  street  is  '60  feet  between  tiie  "\iO\3Lft^^>  ^-sSftft^ 
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into  30  feet  for  the  wHih  of  the 
carriage-way,  and  10  feet  for 
each  footway.  The  bed  of  the 
road  IB  ezcaVBited  to  a  depth  of 
21  inches  below  the  finished 
level  of  the  street,  foUoning  the 
contour  of  the  surface.  A  layer 
of  broken  stones  0  inches  thick 
is  distributed  over  the  ground, 
and  is  covered  by  a  layer  of 
small  gravel  and  sand 


8  inches  thick,  as  a  bed  for  the 
paving.  The  paving  consists  of 
granite  sets,or"cnbea,"  3  inches 
wide  and  9  inches  deep,  and  of 
length  varying  from  10  to  15 
inches,  groated  at  the  joints. 
The  rise  of  the  pavement  is  6 
inches  for  the  width  of  80  feet, 
or  1  in  SO  for  the  average  in- 
cUuittio&i  ^B  coaVnu  heing  a 
segment  ol  &  B\ic\b.    1^  lwi\.- 
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paths  are  laid  with  S-inch  York  pavement,  bounded  by  a 
granite  kerb  12  inches  wide  and  9  inches  deep,  showing 
6  inches  above  the  roadway  pavement. 

The  sectional  views  of  Soathwark  Street,  Southwark, 
Figs.  49  and  50,  show  a  good  example  of  a  first-class  metro- 
politan street,  arranged  with  a  subway  and  a  sewer  at 
the  middle,  and  cellarage  at  each  side.  The  street  is  70 
feet  wide  between  the  houses,  comprising  two  12-feet  foot- 
ways and  a  carriage-way  46  feet  wide.  For  the  construc- 
tion of  this  street  the  ground  was  levelled  and  the  soft  places 
cleared  out.  It  was  covered  with  a  bottoming  of  brick 
rubbish,  varying  from  6  to  10  inches  deep,  which  was  rolled 
and  bound  with  sand.  Upon  this  bottom  was  laid  a 
stratum  of  concrete  12  inches  thick,  consisting  of  blue-lias 
lime  and  clean  Thames  ballast,  in  the  proportions  of 
1  and  6  by  measure.  A  layer  of  sand  or  of  hoggin, 
li  or  2  inches  thick,  was  distributed  over  the  concrete  as 
a  bed  for  the  granite  sets,  which  were  9  inches  deep  and 
8  inches  wide.  The  stones  were  set  close  and  grouted 
together. 

Colonel  Haywood,  in  1858,  estimated  the  cost  and  the 
duration  or  life  of  a  pavememt  of  8-inch  Aberdeen  granite 
sets  9  inches  deep,  laid  in  such  a  thoroughfare  as  Grace- 
church  Street : — 

Per  square  yard    Per  sqoare  yard 
for  26  years.  for  year. 

8.    d.  d. 

First  coet,  excluding  foundation        .     14    6         —        6 '96 


Bepairs :  three  relays  at  Is. 
Ditto,  20  years  at  f  d.  per  year  . 


3    0) 
1     3j 


204 


Total  expenditure      .        .        .        .     18    9         —        9-00 
Deduct  value  of  old  material    .        .23         —        1*08 


Nett  total  cost        .        .        .     16    6         —        7*92 


The  traffic  of  Oracecharch  Sti'eet  averagedy  m  \%Vl  ^  ^^^^ 
S,000  vebiclea  in  12  hoars. 
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From  the  best  information  at  his  command,  the  present 
writer,  in  1877,*  constructed  the  following  table,  showing 
the  wear  and  the  duration  of  pavement  in  the  City  of 
London.  In  this  table,  and  the  discussions  which  lead  up  to 
it,  the  attempt  is  made  for  the  first  time,  it  is  believed,  to 
measure  the  wear  of  these  pavements  in  terms  of  the  traffic 
per  unit  of  width  of  pavement,  a  method  of  testing  durability 
which  has  since  been  employed  by  Mr.  G.  F.  Deacon  and 
Mr.  0.  H.  Howarth,  in  the  papers  read  by  them  in  1879,  at 
the  Institution  of  Civil  Engineerst : — 

City  op  London— Recapitulation  op  Data  on  the  Wear 

AND  DU&ATION  OF  ABERDEEN  GrANITE  PaYEMENTS. 

Sets  3  inches  wide,  9  inches  deep. 


Aberdeen  granite  payements. 

Vertical  wear. 

Duration. 

Vertical  wear  for  100  Vehicles  in  12  I 
hours  per  foot  of  width  per  year      j 
Total  vertical  wear  in  principal  streets 
Ditto  additional  ditto  in  minor  streets  . 
Total  vertical  wear  when  laid  aside 
Remaining  depth  when  laid  aside 
Depth  of  new  sets         .... 

Inches. 

2 
2 

4 
6 
9 

Yean. 
1 

15 
20 
35 

Mr.  Deacon,  treating  of  the  pavements  of  Liverpool,  states 
that  two  depths  of  sets  are  employed,  6^  inches  and  7^ 
inches,  for  streets  of  moderate  traffic  and  heaviest  traffic 
respectively,  with  a  width  averaging  8^^  inches,  including 
interspaces.  He  finds  that  asphalt  jointing  is  best.  The 
sets,  which  should  be  dry,  are  laid  as  closely  as  possible 
and  covered  with  clean,  dry,  hard  gravel,  well  brushed  into 
the  joints,  then  rammed  and  recovered  and  re-rammed  till 

•  Th€  CoMtructUm  of  Roads  and  StretU,  p.  206. 
t  "  Street  Carriage  Way  Pavements."    By  G.  F.  Deacon.    "  Wood 
ss  s  Paving  Haterial  under  Heavy  Traffic."    By  O.  H.  Howarth. — 
jyvmtM>^s  0/  tM0  Institution  of  Civil  Eitjineeft,  ^o\.  Wiii.,  April  29, 
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the  pavement  becomes  perfectly  firm.  Hot  asphalt,  con- 
sisting  of  pitch  and  carbolic  acid,  or  dead  oil,  in  mixture,  is 
nin  into  the  joints,  and  the  surface  is  finished  with  a  thin 
sprinkling  of  small  sharp  gravel.  The  cost  of  the  pave- 
ment having  sets  7i  inches  deep,  inclusive  of  foundation, 
amounts  to  10s.  6d.  per  square  yard,  or,  with  8  per  cent. 
for  general  charges,  lis.  4d.  For  6}  inch  sets  the  cost  is 
10s.  4d.  Pavements  made  with  ordinary  gravel  joints,  as 
formerly  laid  in  Liverpool,  cost  respectively  10s.  7d.  and 
9s.  6d.  per  square  yard,  including  general  charges. 

The  foundation,  as  a  rule,  consists  of  a  layer  of  Portland 
cement  concrete  6  inches  deep,  composed  of  40  per  cent,  of 
broken  stones,  58  per  cent,  of  river  Dee  gravel,  and  7  per 
cent,  of  cement,  costing,  laid,  8s.  9d.  per  square  yard,  in- 
cluding general  charges.  Where  the  old  bed  is  irregular, 
bituminous  concrete,  costing  8s.  6d.  per  yard  6  inches  deep, 
is  laid.  It  possesses  an  elasticity  by  which  it  is  preserved 
from  cracking,  to  which  concrete  would  be  liable  in  an 
uneven  and  occasionally  thin  layer. 

The  principal  thoroughfares  of  Manchester  are  paved 
chiefly  with  syenitic  granite  or  with  trap-rock  sets.  The 
most  common  dimensions  are  5  inches,  6  inches,  and  7  inches 
in  depth,  from  8  to  8f  inches  in  width,  and  from  5  to 
7  inches  long.  Cubes  of  4  inches  were  tried  several  years 
ago,  but  it  appeared  that  they  were  unfitted  for  resisting  the 
lateral  stress  of  the  traffic,  particularly  on  streets  of  con- 
siderable inclination.  The  secondary  streets  are  paved  with 
millstone  grit.  A  foundation,  not  exceeding  15  inches  in 
thickness,  is  laid  of  cinder  and  other  hard  material,  including 
three  inches  of  gravel,  as  a  bedding  for  the  sets.  The 
traffic  is  turned  over  this  foundation  until  it  becomes  solid, 
and  the  temporary  gravel  surface  is  renewed  from  time  to 
time.  When  the  surface  has  become  sufficiently  solid  the 
sets  are  bedded  upon  it  and  well  beaten,  ^n^  ^ln^'^  %^^ 
racked  with  clean    small    broken  stoneB   ox   mVScL  'V%.^<e^^ 


94  THB    RCDIMENTO   OF   CIVIL   BNGIKEERINO. 

gravel  and  filled  in  with  an  asphalt  mixtnFe  of  pitch 
made  from  coal  tar  aad  creOBOte  oil.  The  nse  of  this 
composition  was  originally  suggested  b3r  Ur.  Bonchetti,  a 
chemist,  of  Manchester.  The  hard-core  foiuidatioti,  inacces- 
sible to  water,  is  always  dry,  and  it  has  given  entire  satie- 
faction,  avoiding  the  ase  of  concrete.] 


CHAPTER  V. 
WOOD  PAVEMENT. 

[AcooBDiNO  to  the  best  experience  of  wood  paving  it  should 
consist  of  plain  rectangular  blocks  solidly  set  upon  a  founda- 
tion of  cement,  with  water-tight  joints.  A  wood  pavement 
80  constructed  as  to  fulfil  these  conditions  gives  satisfaction 
on  the  five  points  of  convenience,  cleansing,  maintenance, 
safety,  and  durability.  Unless  the  foundation  be  rigid  it  is 
impossible  to  maintain  a  pavement  in  sound  condition ;  and 
as  in  macadam  so  in  wood  pavement,  the  dogma  of  elastic 
action  has  been  exploded  by  experience,  for  it  was  found 
that  such  a  degree  of  elasticity  as  is  afforded  by  the  reaction 
of  vertical  wood  fibre  against  a  vertical  pressure  is  quite 
sufBcient  to  absorb  the  shock  of  a  horse's  hoof  and  to  soften 
the  strokes  of  loaded  wheels. 

As  with  granite  sets  so  with  wood  blocks ;  the  gauge  of 
a  horse's  hoof  is  the  measure  of  the  proper  maximum  width. 
The  most  common  width  of  wooden  blocks  is  8  inches,  but 
they  are  sometimes  made  8^  or  4  inches  wide.  The  normal 
dimensions  in  current  practice  are — width,  8  inches  ;  depth, 
6  inches  ;  length,  9  inches.  These  are  in  the  ratios  of  1,  2, 
and  8. 

The  streets  of  the  City  of  London  afford  the  best  and 
most  exhaustive  available  experience  of  wood  pavements. 
Carey's  was  the  first  durable  pavement  that  was  laid  in  the 
City — amongst  other  places,  in  Mincing  Laiie,m  5^3^:^  A^^- 
The  blocks  were  from  6  J  to  7i  inches  mdft,  \%  \,o\^  vm^'^'^ 
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long,  and  9  inches  deep,  on  a  layer  of  Thames  hallast.  They 
were  replaced  hy  new  wood  pavement  in  August,  1860, 
after  having  been  down  19  years  and  1  month.  During  this 
period  the  pavement  was  turned  and  relaid,  and  again  re- 
laid,  the  tops  of  the  blocks  having  been  cut  off;  and  it  was  at 
other  times  extensively  repaired.  The  two  successive  pave- 
ments lasted  together  82  years.  The  first  cost  of  the  pave- 
ments was  respectively  14s.  4d.  and  9s.  2d.  per  square 
yard.  Relays  and  repairs  cost  Ids.  4d.  and  22s.  6jd. 
per  square  yard.  The  total  expenditure  was  at  the  rate  of 
,1s.  lOJd.  per  square  yard  per  year,  or,  deducting  }d.,  the 
value  of  old  material.  Is.  9id.  Of  this,  for  maintenance 
alone,  the  charge  was  Is.  l^d.  per  square  yard  per  year. 
Carey's  recent  wood  pavement  consists  of  wood  blocks 
4  inches  wide  and  5  inches  or  6  inches  deep,  according  to 
the  traffic,  and  9  inches  long.  The  ends  of  the  blocks  on 
Carey's  system  are  formed  with  double  bevelled  surfaces, 
salient  and  re-entering  to  the  extent  of  iV  ^ch  or  f  inch, 
which  come  together  for  the  purpose  of  preventing  the 
shifting  of  the  blocks.  The  paving  is  laid  on  a  bed  of 
ballast  or  sand,  2  inches  thick,  laid  on  the  old  bed  of  the 
street,  and  the  joints,  f  inch  wide,  are  grouted  with  lime 
and  sand.  It  is  scarcely  necessary  to  remark  that  this 
pavement  can  only  endure  when  it  is  laid  on  a  previously 
existing  foundation. 

The  only  other  wood  pavements  that  need  be  noticed  are 
the  asphaltic-wood  pavement  and  Henson*s  wood  pavement. 
On  the  former  system,  originally  patented  by  Mr.  Copland, 
a  solid  concrete  foundation,  6  inches  thick,  is  laid  to  the 
curvature  of  the  road.  The  foundation  is  composed  of  blue 
lias  lime  and  ballast  in  the  proportion  of  1  to  5  or  6.  It 
receives  a  coating  of  mastic  asphalt  f  inch  or  }  inch  thick 
as  a  bedding  for  the  wood  blocks.  The  blocks  are  8  inches 
wide,  6  inchea  deep,  and  9  inches  long,  of  Baltic  fir,  laid  in 
tTADBverae  coaraea,   bntt-joiuted,  vfVlli  -?«  m^i^i  *\\i\«t%'^^^^i^ 
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ran  up  with  melted  asphalt  to  a  depth  of  1^  inches,  and 
filled  with  a  grouting  of  sand  and  hydraulic  lime.  The  sur- 
face is  finished  with  a  sprinkling  of  small  gravel.  This 
pavement  has '  answered  satisfactorily.  After  having  heen 
two  years  down  the  foundation  was  found  to  he  water-tight. 

Henson's  wood  pavement  is  laid  on  a  solid  suhstratum  of 
hlue-lias  lime  concrete,  6  inches  thick,  covered  hy  a  2- inch 
layer  of  cement  concrete  of  a  finer  quality,,  upon  which  a 
coating  of  ordinary  roofing  felt  is  spread,  the  felt  having 
previously  heen  saturated  with  a  hot  asphaltic  composition 
of  distilled  tar  and  mineral  pitch.  On  this  felt,  as  on  a 
carpet,  cushiony  and  impervious  to  moisture,  hlocks  of 
Swedish  yellow  deal  of  the  ordinary  dimensions,  containing 
resin  sufficient  for  preservation,  are  laid  closely  together, 
end  to  end,  in  rows  across  the  street.  The  rows  are  also 
driven  together  and  close-jointed  with  a  strip  of  saturated 
felt  in  each  joint.  The  width  of  the  interspaces  is  *thus 
limited  to  the  simple  thickness  of  the  felting,  and  does  not 
exceed  if  it  even  amounts  to  i  inch.  At  intervals  of  every 
three  or  four  rows,  a  row  of  hlocks  grooved  across  the  middle 
is  laid  to  aid  in  giving  foothold.  The  surface  is  dressed 
with  a  hot  bituminous  compound  and  fine  clean  grit. 

Mr.  Howarth  gives  the  cost  of  the  Henson  pavement  as 
lis.  6d.  per  square  yard :  comprising  red  deal  blocks,  5s.  6d. 
per  square  yard ;  felt,  6d. ;  Portland  cement  concrete,  2s.  6d. ; 
labour,  watching,  lighting,  and  all  extras  and  dressing,  8s. ; 
in  all,  lis.  6d.  per  square  yard.  He  estimates  the  cost  for 
maintenance  in  perpetuity  at  2s.  5d.  per  square  yard  per 
year. 

The  wear  of  wood  paving  has  been  estimated  by  the  writer, 
from  the  results  of  observation,  to  average  0'30  inch  per  year 
vertically  for  an  average  traffic  of  862  vehicles  in  12  hours 
per  foot  of  width  :  equivalent  to  iV  inch  per  100  vehicles  per 
day  per  foot  of  width ;  or  to  one-third  mote  l\i«xx  ^raiU\\i<^  ^^\»^ 
Bs  before  eatimated.] 

F 


ASPHALT  PAVEMENTS. 

[Asphalt  pavements  were  first  laid  in  Paris,  where,  in  1854, 
the  Rue  Bergere  was  laid  with  Val  de  Travera  asphalt.  In 
1858,  three  sides  of  the  Palais  Royal  were  laid  with  the 
material,  which  was  bronght  to  the  ground  in  the  state  of 
rock  cmabed  into  small  pieces,  and  was  heated  and  powdered 
by  decrepitation.  On  a  foundation  of  concrete,  6  inches 
thick,  from  2  to  2-4  inches  of  asphalt  was  laid,  at  a  cost  of 
Ida.  4d.  per  square  yard.  The  conversion  of  street  pave- 
ments into  asphalt  work  on  a  large  aoale  was  commenced 
in  1867. 

In  the  City  of  London,  carriage-ways  are  oonatrnoted  with 
Val  de  Travera  compressed  asphalt,  on  concrete  foundations 
of  from  6  to  9  inches  in  tbickneaa,  according  to  the  traffic. 
The  rock  in  its  natural  state  is  broken  np  and  reduced  to 
powder  by  exposure  to  heat  in  revolving  ovenH>  It  is  then 
lodged  in  iron  carts  with  cloae-fitting  covers  and  brought  to 
the  ground,  taken  out,  liud  over  the  surface,  and  whilst  hot 
compressed  with  heated  irons  into  a  homogeneona  mass  with- 
out joints.  The  finished  thickness  is  from  2  to  2^  inches, 
according  to  the  traffic  ;  and  the  material  is  further  oom- 
presaed  and  consolidated  by  the  action  of  traffic  by  as  much 
aa  20  or  26  per  cent.,  according  to  the  statements  of  the 
company.  The  first  asphalt  pavement  was  laid  in  Thread- 
needlo  Street,  near  Finch  Lane,  in  May,  1869.  The  next 
pmrainaat  that  was  iaid — in  Gheapside  an4  ^h^^o'AXx^— -^vk 
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2^  inches  thick,  on  9  inches  of  concrete,  costing  IGs.  8d.  and 
Is.  9d.  respectively  per  square  yard  ;  together,  188. 

Other  varieties  of  ^phalt  pavement  have  heen  laid  in  the 
City  of  London,  all  of  them  inferior  to  the  pavement  jnst 
described. 

The  wear  of  Yal  de  Travers  asphalt  pavement  has  been 
estimated  by  the  writer  at  i  inch  for  208  vehicles  per  day 
per  foot  of  width.] 


f2 


CHAPTER  Vn. 
RAILWAYS. 

[Railways,  like  common  roads,  shonid  be  laid  oat  with  regard 
to  the  circnmstances  of  the  locality  to  be  provided  with  them, 
and  the  selection  of  the  ronte  is  governed  for  the  most  part 
by  the  same  leading  principles.  At  the  same  time  there  are 
different  influences  in  operation.  The  considerable  cost  of 
the  rails  renders  it  of  greater  importance  to  shorten  the 
length  of  the  route  than  to  make  slight  savings  in  earth- 
work. As  an  artificial  bearing  surface  of  rails  and  sleepers  is 
provided,  the  state  of  the  natural  surface  of  the  ground  passed 
over  is  of  less  consequence  for  a  railway  than  for  a  common 
road.  A  common  road  should  be  laid  out  as  nearly  on  the 
surface  as  is  practicable  for  the  purpose  of  giving  access  to 
the  adjoining  lands,  whilst,  for  railways,  means  of  communi- 
cation with  the  neighbourhood  is  only  required  at  intervals 
selected  with  reference  to  local  circumstances,  and  it  is  for 
the  most  part  immaterial  whether  between  the  stations  the 
line  lies  on  the  natural  surface  or  otherwise. 

Sharp  carves  and  steep  gradients  are  evils,  involving 
special  extra  cost  for  maintenance  and  for  working,  although 
the  original  outlay  may  be  economized  by  the  adoption  of 
them. 

Gauob  of  Railways. 

The  measure  of  the  standard  gauge  of  railways  is  4  feet 

6i  inches  width  between  the  rails.    There  are  many  other 

gBugea  in  existence  in  different  parts  oi  t\ie  ^^otV^l.    l£L^Ti%' 
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land,  the  T-feet  gauge  was  originally  adopted  on  the  Great 
Western  system,  and  was  known  as  the  '*  broad  gauge  *'  in 
contradistinction  to  the  ordinary  gauge  of  4  feet  8j-  inches, 
which  was  for  a  long  time  known  as  the  **  narrow  gauge." 
Nowadays  the  7-feet  broad  gauge  is  replaced  by  the  standard 
gauge ;  and,  in  consequence  of  the  altered  conditions,  the 
name  of  narrow  gauge  has  ceased  to  be  applicable  to  the 
standard  gauge,  and  is  applied  only  to  gauges  of  much  less 
width — the  metre  gauge  and  others  of  from  2  feet  to  8  feet  or 
Si  feet  wide.  The  following  statement  comprises  the  gauges 
of  the  principal  railways  in  all  parts  of  the  world,  with  a  few 
exceptional  instances  of  local  interest : — 


Great  Britain,  Standard  Gkiuge 4 

„  Festiniog  Railway 1 

„  Talyllyn  RaUway 2 

Ireland,  Standard  Gauge 6 

Europe,  Prevailing  Gauge 4 

Russia,  Standard  Gauge 5 

Norway j  3 


Spain,  Standard  Gauge 

Ajitwerp  and  Ghent  .... 

India,  Prevailing  Gauge 

Do.  State  Railway  Gauge  (1  metre) 
Do.  Arconum  and  Conjeveram  Railway 

Japan 


United  States  < 


Prevailing  Gauges 


Canada 


ChiH 


Brazil 

South  Australia 

Queensland 
New  SoaUi  Walea 
VJctana 
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The  relative  advantages  of  broad  gauges  and  narrow  ganges 
were  exhaustively  discussed  at  the  Institution  of  Civil  Engi- 
neers, on  the  reading  of  Mr.  W.  T.  Thornton*s  paper  on 
''  The  Relative  Advantages  of  the  5  feet  6  inch  Gauge  and  of 
the  Metre  Gauge  for  the  State  Railways  of  India."  *  Nearly 
all  that  could  have  been  urged  in  favour  of  very  narrow 
gauges  was  well  considered  and  refuted  in  the  course  of  the 
discussion.  The  fallacy  pervading  the  arguments  for  narrow 
gauges  is,  that  the  gauge  or  width  apart  of  the  rails  on  which 
the  wheels  are  to  run  is  the  basic  unit  of  the  system,  whereas 
the  width  of  gauge  is  little  more  than  an  incident.  The 
basic  unit  is  the  capacity  of  the  vehicles  required  for  the 
carriage  of  the  traffic.  Hence  the  magnitude  and  weight  of 
the  vehicles  govern  the  dimensions  of  the  railway,  not  the 
incident  of  gauge.  It  appears  that,  taken  altogether,  the 
"normal"  or  "standard"  gauge,  of  4  feet  8J  inches,  is 
certainly  not  less  efficient  than,  and  is  at  least  as  good  as, 
any  other  gauge,  for  the  purposes  of  general  traffic. 

The  several  gauges  above  noted  are  here  represented 
graphically,  in  their  proportions.  The  old  7-feet  gauge  of 
the  Great  Western  Railway  is  added  for  comparison  : — 

Ft.  In. 

1  iij 

2  3 


2  6 

3  0 
(Metre)      .        .        .      3  8f 

3  6 

4  2 
Standard  .                .4  8} 

4  9 

6  0 

6  3 

6  6 

6  0 

7  0 


♦  ^#>rMW  e/"  /^  Jyoeeedingi  of  th$  IntlUtUum  oj  CwU  Enginetrt, 
lBr2^7S,  roL  xxxr.  p.  214. 
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CUTTINOS   AND  EMBANKMENTS. 

The  width  of  embankments  is  regulated  rather  by  the 
weight  and  the  speed  of  the  trains  than  by  the  width  between, 
or  gauge  of,  the  rails.  The  width  of  cuttings  must  be  regu- 
lated by  the  width  of  the  rolling-stock,  and  by  the  space 
required  for  drainage  outside  the  permanent  way.  Engineers 
endeavour  so  to  plan  the  works  of  a  railway  that  the  earth 
to  be  excavated  shall  be  equal  in  volume  to  the  embankment, 
effecting  a  redistribution  of  material  rather  than  its  removal, 
and  arriving  at  the  desired  result  by  the  simplest  means  and 
in  the  most  economical  manner. 

The  earthwork  is  the  foundation  and  support  of  the  whole 
superstructure,  and,  as  such,  must  be  uniformly  firm  and  care- 
fully considered  with  respect  to  material,  preparation,  form, 
and  drainage.  Fig.  51  shows  in  section  the  ordinary  formation 


>  ^;  J^;«5i;5.%s^'^%^'\^-^"'.5SSN-^- 


2S  0  ■ 

sic'- 


Fig.  51.— Outtinff. 

of  a  cutting  in  earth  for  two  lines  of  rails.  The  formation  level, 
a  a,  88  feet  wide,  is  bounded  by  the  side  drains,  b  b,  beyond 
which  the  slopes  ascend  to  the  natural  surface  at  the  rate  of 
1  foot  rise  to  2  feet  of  level,  or,  shortly,  2  to  1.  Upon  the  for- 
mation level,  the  ballast,  c  c,  is  deposited,  2  feet  in  depth,  and 
about  28  feet  wide  at  the  top — being  so  wide,  in  fact,  as  to 
extend  4  feet  on  each  side  beyond  the  outer  rails.  The 
sleepers  and  the  chairs  are  buried  in  the  ballast,  and  the 
rails  partially  also,  the  latter  standing  2  or  8  inches  above 
the  ballast.  The  total  width  of  cutting  at  the  base,  d  d,  is 
42  feet.  At  the  top,  of  course,  the  width  varies  with  the 
depth  of  the  cutting.  Embankments,  ^ig.  X^%  ^^  m^x^sI^^ 
the  same  as  cuttings  in  their  ruling  dimeiiSiOii^iVSSi!^  iorssA.- 
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lion  level  being,  as  in  the  other,  88  feet  wide,  sloping  down 
to  the  natural  surface.     The  dimensions  are  suited  for  the 


Fig.  62.— Embankment. 


standard  gauge,  4  feet  8^  inches.     A  clear  space,  6  feet  wide, 
is  allowed  between  two  lines  of  rails.] 

The  cuttings  on  the  London   and  Birmingham  Bailway 
have  afforded  much  useful  information.     One  of  the  cuttings 
on  that  line,  near  Cow  Roost,  through  a  very  wet  white 
chalk,  although  only  25  feet  in  depth,  required  a  slope  of 
1^  to  1,  while  that  at  the  north  end  of  the  Watford  Tunnel, 
although  consisting  of  soft  wet  chalk  mixed  with  flints,  stands 
with  a  slope  of  f  to  1 ;  as  does  also  the  cutting,  85  feet  in 
depth,  through  chalk,  chalk-marl,  and  gravel,  at  the  north 
end  of  the  Tring  Tunnel.     One  of  the  most  interesting,  how- 
ever, of  the  cuttings  on  this  line  is  that  near  Blis worth,  a 
section  of  which  is  shown  in  Fig.  58.     In  this  case,  a  stratum 
of  limestone  rock,  about  25  feet  in  thickness,  was  found 
about  the  centre  of  the  cutting  (vertically),  having  looser 
strata  both  above  and  below  it,  and  the  difficulty  to  be  over- 
come was  to  prevent  the  latter,  consisting  of  wet  clay,  from 
being  forced  out  from  the  weight  of  the  superincumbent  mass 
of  rock,  which  was  very  successfully  done  in  the  following 
manner :  a  rubble  wall,  on  an  average  20  'leet  in  height,  was 
built  on  each  side,  underneath  the  rock,  in  the  maimer 
shown  in  the  figure,  strengthened  by  buttresses  at  every 
20  feet,  resting  on  inverts  carried  under  the  line.     Behind 
these  walls  a  puddle  drain  was  formed  with  a  smaller  drain 
through  the  wall,  by  means  of  which  the  water  was  led  off 
A-om  the  wet  BirB,isk  immediately  beneath  the  rock.    The 
Jigbt-hand  half  of  tiie  section  Ib  taken  \!bxox)L|^  \^^  ^^ 
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between  two  of  the  buttreeaes,  and  th«  left-hand  half  through 
one  of  the  battreHses  and  the  invert;  the  method  here 
adopted  is  technically  called  undersetting.  The  rock  itself  is 
eat  to  a  slope  of  J  to  1,  and  the  strata  above  it  to  a  slope  of 
2  to  1,  a  bench  9  feet  in  width  being  left  on  the  upper  sur- 
face of  the  rock. 

The  Newcastle  and  Carlisle  Railway  affords  an  example 
of  a  cutting  110  feet  in  depth,  through  clay  intermixed  with 
veina  of  sand,  standing  with  a  slope  of  1^  to  1.     This 


Fie.  S3.— CatUnK,  ■ 

cntdng  is  through  the  Cowran  Hill,  and  the  lower  part,  to 
the  height  of  14  feet,  is  supported  by  a  stone  retaining  wall, 
having  an  open  drain  along  ita  sumnut,  which  receives  the 
water  &om  the  surface  of  its  slope. 

A  remarkable  instance  of  the  tendency  of  some  kinds  of 
ground  to  slip  has  been  afforded  by  the  cutting  (nearly  100 
feet  in  depth)  through  the  London  clay  on  the  London  uid 
Croydon  RaHwajr,  aearNew  Croea.    The  e\o^eB  ^«t&%Kt;^«.^ 
Mt  3  to  1,  utd  Btood  (with  the  exception  ol  » l«w   snuSt 
»8 
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slips)  at  that  inclination  for  about  two  years,  when,  after  a 
succession  of  wet  weather,  they  suddenly  commenced  slipping 
to  such  an  extent  that  the  line  was  rendered  impassable  for 
some  weeks,  and  some  parts  of  the  slopes  had  to  be  reduced 
to  an  inclination  of  4  to  1. 

Many  different  methods  have  been  suggested  and  adopted 
to  prevent  slips  from  taking  place.  But  one  of  the  simplest 
means  is  thorough  drainage,  without  which  the  best  descrip- 
tion of  ground  will  in  time  be  acted  upon  by  the  combined 
action  of  land  springs  and  the  weather. 

With  regard  to  embankments,  although  less  uncertainty 
exists  as  to  the  slopes  at  which  different  descriptions  of 
ground  will  stand,  still  this  depends  to  a  very  great  degree 
upon  the  nature  of  the  ground  supporting  the  base  of  the 
embankment,  as  well  as  the  state  of  the  weather,  and  the 
care  and  attention  bestowed  upon  it  during  its  formation. 

Many  embankments  have  failed  in  consequence   of  the 

ground  upon  which  they  have  been  formed  not  being  suBi- 

ciently  firm  and  solid,  to  support  the  large  additional  weight 

thus  brought  upon  it ;  to  prevent  this  cause  of  failure,  it  is 

desirable  to  form  very  high  embankments  of  the  lightest 

material  that  can  be  obtained^  to  extend  the  base  of  the 

embankment,  and|  if  the  ground  upon  which  it  is  to  be 

formed  is  soft  and  saturated  with  water,  thoroughly  to  drain 

it  previous  to   forming  the  embankment.      A  remarkable 

instance  of  the  failure  of  an  embankment  from  this  cause 

was  afforded  in  the  case  of  the  Newton  Green  embankment, 

on  the  Shef&eld  and  Manchester  Railway,  which  subsided  to 

such  an  extent  that  the  base  of  the  embankment  spread  out 

to  two  or  three  times  its  original  width,  and  it  was  found 

necessary  at  last  to  carry  the  rails  across  those  parts  which 

had  slipped,  upon  timber  shores. 

A  sinking  instance  of  the  success  of  the  means  which  we 

have  enumerated  for    carrying  em\)ttnk3nBii\a   over   loose 

ground  baa  been  afforded  by  the  oonatmc^iou  ol  VhsA  \a^^t- 
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pool  and  Manchester  Railway  across  Ghat  Moss,  hy  the  late 
Mr.  George  Stephenson.  In  this  case  the  ground  was  of  so 
soft  a  nature  that  cattle  could  not  walk  upon  it,  and  an  iron 
bar  sunk  through  it  hy  its  own  weight,  the  moss  being  in 
many  parts  not  less  than  84  feet  in  depth.  That  portion  of 
the  moss  upon  which  the  embankment  (in  some  parts  as  much 
as  12  feet  in  height)  was  formed  was  first  thoroughly  drained 
by  deep  drains  cut  parallel  to  the  intended  line  of  the  rail- 
way ;  and,  when  this  had  been  properly  effected,  the  em- 
bankments were  formed  of  the  lightest  material  which  could 
possibly  have  been  employed,  namely,  of  the  dried  moss 
itself.  Had  the  usual  heavy  materials,  such  as  clay  and 
gravel,  been  employed,  their  weight  would  have  caused  them 
to  sink  through  the  moss  until  they  reached  the  firm  ground 
beneath,  and  the  quantity  which  would  have  been  required 
would  have  been  immense ;  as  was  found  to  be  the  case  upon 
the  same  line,  where,  an  embankment  only  4  feet  in  height 
having  been  formed  over  a  smaller  moss  of  a  similar  descrip- 
tion, the  quantity  of  clay  and  gravel  employed  would  have 
formed  an  embankment  24  feet  in  height  on  firm  ground. 

The  slopes  of  both  cuttings  and  embankments,  as  soon  as 
they  have  been  trimmed  to  their  proper  form,  should  be 
covered  with  soil,  and  sown  with  rye-grass  and  clover  seeds 
mixed,  which  soon  spring  up,  and  form  a  very  effectual  pro- 
tection from  the  influence  of  the  weather. 


CHAPTER  Vm. 


PERMANENT  WAY  OF  RAILWAYS. 


We  come  now  to  describe  the  manner  in  which  the  Per- 
manent Way  (as  it  is  technically  called)  is  formed,  that  is, 
the  rails  by  which  the  carriages  are  guided  and  prevented 
from  deviating  from  the  line  of  the  railway ;  and  in  doing  so 
we  must  not  omit  to  notice  the  tramplates  which  were  at  first 
adopted,  and  which  have  now  universally  been  superseded 
by  the  edge  rail. 

The  essential  difference  between  a  railway  and  a  common 
road  consists  in  forming  a  smooth  narrow  surface  for  the 

wheels  of  the  vehicles  to  run  upon, 

with  the  means  of  preventing  them 

from  deviating  from  the  track  thus 

formed.   Two    different   modes   of 

effecting  this  have    been  adopted, 

which  are  shown  in  Figs.  54  and  55. 

By  the  first  method  (Fig.  54),  the 

path  for  the  wheels  is  formed  by 

iron  plates,  and  they  are  prevented 

from  running  off  these  plates  by  a 

Fig  M.  Fig.  66.     flange  a,  formed  on  their  outer  edge ; 

these  are  termed  tramplates,  and  a  road  so  formed  is  called 

a  tramway.    This  method  has,  however,  been  generally  super- 

seded  by  that  shown  in  Fig.  55,  where  the  track  for  the 

wheels  ib  formed  by  a  narrow  bar  of  iioii,  placed  edgewise,  in 

coneequenee  of  wiiich  it  is  termed  tliQ  edge  raU,«xA>i)i:i^  tc^^^ 
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formed  with  them  a  railway ;  in  this  case  the  flange  b  for 
guiding  the  wheel  is  placed  upon  the  wheel  itself  instead  of 
on  the  rail.  In  comparing  the  two  methods,  it  will  soon  be 
seen  that  the  railway  possesses  many  advantages  over  the 
tramway.  In  the  latter,  the  wheels  are  only  prevented  from 
running  off  the  tramplates  by  coming  in  contact  with  one  or 
ether  of  the  flanges  on  their  edges,  while  in  the  former  a  very 
simple  and  beautiful  means  (which  we  shall  describe  pre- 
sently) has  been  devised  by  which  the  wheels  are  preserved 
in  their  proper  position  on  the  rails  without  their  flanges 
coming  in  contact  with  the  rails  at  all — a  circumstance  which 
only  occurs  when  any  unusual  force  solicits  the  carriage  to 
deviate  from  its  proper  course.  The  effect  of  the  wheels 
thus  coming  into  contact  with  the  edges  of  the  trams  is  to 
cause  a  great  additional  resistance  to  the  motion  of  the  car- 
riages, and  consequently  a  large  additional  cost  in  over- 
coming it.  Another  disadvantage  is,  that  the  angle  of  the 
tramplate  formed  by  the  raised  flange  is  very  likely  to  become 
filled  with  rubbish,  by  which  the  friction  of  the  wheels  is 
still  further  increased. 

A  great  many  different  forms  of  rails  have  been  adopted,  a 
few  of  which  are  shown  in  Figs.  56  ;  the  names  of  the  rail- 
ways on  which  they  have  been  employed,  their  weight  in 
pounds  for  every  yard  in  length,  and  the  distances  apart  at 
which  they  are  supported,  being  shown  in  the  following 
table : — 
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88 
P 

Ss 

a 
b 
e 
d 
e 

f 

9 
h 

% 

k 

I 

m 
n 

'  Name  of  railway. 

Distance  of 
chain  apart. 

Weight  in  lbs. 

of  1  yard  in 

length  of  the 

raiL 

Durham  and  Sunderland  . 
Berlin  and  Potsdam  . 
London  and  Blackwall 
Manchester  and  Birmingham    . 
Saint-Etienne  to  Lyon  (New)    . 
Wilming^n  and  Susquehanna  . 

Great  Western 

London  and  Croydon  .... 
Morris  and  Prevost      .... 
Birmingham  and  Gloucester 

London  and  Birmingham     .     . 

London  and  Brighton .... 
Midland  Counties 

Ft  Ins. 
3     0 

•  • 
• « 

•  • 
3     6 

•  • 

{ Continuous ) 
(    Bearing. 
Id. 

•  • 

2  6 
(39) 
\  to4     0        { 

3  9 
5     0 

42 
52 
56 
65 
50 
40 

44  to  62 

55 
56 
56 

65  to  75 

76 

77 

It  shonld  be  stated  that  the  upper  Borface  of  each  of  the 
rails  shown  in  the  Figures  56  is  made  slightly  rounding,  the 


Figs.  66.- Old  Sections  of  Bails. 


object  of  which  we  have  now  to  explain.     On  a  common 
itfad  or  OB  a  tramway  the  wheels  are  ci/lindrical,  that  is,  the 
diameter  of  the  wheel  ia  the   same  botii  ou  \Va  Vxuast  wiSi 
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Ill 


outer  Bidea,  m  shown  in  Pig.  57 ;  but  upon  a  railway  the 
wheels  are  made  slightly  contcol,  as  shown  in  Fig.  68,  so  that 
tb«  diameter  (a  b  or  o  d)  of  the  wheel  on  its  outer  side  is  abont 
half  an  inch  lesa  than  its  diameter  (e  f  or  a  h)  on  the  inner 
side  near  the  flange.  Now  the  effect  of  this  difference  in  the 
inner  and  outer  diameters  of  the  wheel  is  to  keep  the  wheel 
in  its  proper  position  in  the  centre  of  the  railway,  and  to 
prevent  the  flanges  of  the  wheels  from  coming  into  contact 
with  the  rails  nulesa  under  extraordinary  cironmatancee, 
such  as  a  very  strong  side  wind  or  a  sharp  curve.  In 
Fig.  69,  the  wheels  of  the  carriage  are  represented  as  being 
thrown  over  on  one  aide,  so  that  the  flange  of  the  right-hand 
wheel  has  been  brought  nearly  to  tonch  the  rail.   Now  if  the 


I  I 


Fiff.K 


itf 


wheels  were  cylindrica!,  and  the  force  which  bad  caused  the 
carriage  to  swerve  in  the  manner  shown  in  the  figure  were 
still  to  continue  in  action,  the  flange  wonld  be  brought  into 
actual  contact  with  the  rail,  and  would  ao  remain  nntil  the 
force  ceased,  or  nntU  some  greater  force  solicited  the  car- 
riage to  awerve  in  the  opposite  direction  ;  but  if  we  carefully 
examine  the  diagram,  we  shall  perceive  that  the  deviation  of 
tbe  carriage  to  the  right  has  broagbt  the  outer  and  smaller 
diameter  of  the  wheel  a  b  to  bear  upon  tbe  left-band  rail, 
while  the  inner  and  larger  diameter  of  tbe  wheel  a  h  is 
brought  to  bear  upon  the  right-hand  rail,  for  in  consequence 
of  tbe  upper  surface  of  the  rail  being  slightly  rounding,  tiia 
wheel  only  rests  apon  it  in  one  point.  'WiAi  %  &s^«jc«>m.«f£>. 
tqiiaJ  to  ib»t  shown  in  tbe  figoxe,  the  difiw«iu«  o^  ^^(^  ^^^^ 
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meters  of  the  wheels  would  be  about  three-quarters  of  an 
inch,  which  would  cause  a  difiference  in  their  circumferences 
of  upwards  of  two  inches ;  and  as  the  distance  that  each 
wheel  would  advance  upon  the  rail  in  one  revolution  would 
be  equal  to  its  circumference,  and  the  two  wheels  being 
firmly  fixed  on  to  the  same  axle  are  obliged  to  revolve  together, 
it  follows  that,  for  every  revolution  that  they  make,  the 
right-hand  wheel  will  advance  two  inches  more  than  the  left- 
hand,  and  quickly  restore  the  carriage  to  the  position  shown 
in  Fig.  59,  where  the  diameters  of  the  wheels  being  the 
same,  the  carriage  has  no  tendency  to  move  towards  either 
side. 

This  self-adjusting  action  of  the  conical  wheels  is  found 
sufficient  to  preserve  the  carriages  in  their  proper  position 

upon  the  rails  on  those  portions  of 
the   line  which  are  rectilinear   or 
straight ;    but  on  the  curved  por- 
tions a  new  force,  the  centrifugal 
force,  is  called  into  play,  by  which 
the  carriage  is  solicited  to  move  in 
a  straight  line  ;  and  if  the  radius  of 
the   curve   is  less   than  a  certain 
limit,  the  mere  action  of  the  conical 
wheels  is  not  sufficient  to  counter- 
act this  tendency  of  the  carriages 
to  move  in  a  straight  direction,  and 
to  cause  them  to  follow  the  course  of  the  required  curve. 
To  effect  this,  therefore,  and  prevent  as  much  as  possible  con- 
tact between  the  flanges  of  the  wheels  and  the  rail,  another 
means  has  been  devised  of  throwing  the  carriages  over  to 
the  opposite  side  to  that  on  which  the  centrifugal  force  tends 
•  to  keep  them.     This  means  consists  in  raising  the  rail  on 
the  outer  side  of  the  curve  to  a  certain  height  above  that  on 
ibe  inner  aide,  by  which  the  carriage  is  tiiio^n  over  in  the 
posiiion  Bbown  in  Fig.  69,  and  a  tendency  ©Nen  Vi  \\»  V^  ^^^ 
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towards  the  inner  side,  the  height,  or,  as  it  is  termed,  the 
superelevation,  of  the  outer  rail  being  so  adjusted  that  this 
tendency,  combined  with  the  effect  of  the  conical  wheels,  is 
just  sufficient  to  balance  the  centrifgual  force. 

If  y  =  the  velocity  of  the  train  in  feet  per  second, 
r  =  the  radius  of  the  curve  in  feet. 
Then  the  centrifugal  force  of  the  whole  train  is  to  its  weight 
in  the  ratio  of 

32-2  r  ' 
and  this  is  the  ratio  which  the  cant  or  vertical  height  of  the 
outside  rail  above  the  level  of  the  inside  one  should  bear  to 
the  width  of  gauge. 

Hence,  if  Y  =  the  speed  of  the  train  at  maximum  in  miles 
per  hour  and  £  =  the  breadth  of  gauge  ;  E  =  the  cant. 

V 
^   16r 
At  40  miles  per  hour,  the  cant  is  for  the  British  and  Irish 
gauges  as  follows  : — 

4  ft.  8i  in.         .         .         .     6*00  inches 

r 

5  ft.  3  in.  .         .         .     6-72 


r 
It  will  be  seen  that  the  steadiness  of  the  carriages  com- 
posing a  train  must  be  very  considerably  affected  by  any 
variation  in  the  distance  between  the  rails,  or  in  the  height 
of  one  rail  above  the  other  when  not  intended  to  counteract 
the  effect  of  a  curve ;  and  the  importance  of  laying  the  rails 
and  sleepers  (that  is,  the  permanent  way)  in  the  most  solid 
and  substantial  manner  will  be  at  once  perceived.  With  the 
view  of  attaining  this  end,  several  different  methods  have 
been  devised  for  fixing  and  supporting  the  rails  ;  these  may 
all,  however,  be  generally  classed  under  two  heads,  viz. 
those  having  a  continuous  bearing,  or  in  ^li^c^x  \2ii^  t^^^  x^'s^. 
apon  wooden  sleepers  throughout  their  euV^^  \eii\fii2si^  wA 
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those  which  are  only  supported  at  certain  intervals  (varying 
from  2  feet  6  inches  to  5  feet  as  given  in  the  table  at  page 
49)  on  metal  chairs,  as  they  are  technically  termed. 

The  Great  Western  was  the  first  line  on  which  the  con- 
tinnons  bearing  was  employed,  this  method  of  laying  the 
rails  having  been  suggested  by  Mr.  Brunei,  who  was  the 
engineer  of  that  line.  The  method  there  adopted  is  shown 
in  Figs.  60  ;  the  rails  (the  form  of  which  has  been  already 
given  at  g,  Figs.  56)  are  firmly  screwed  to  a  piece  of  timber 
15  inches  in  width,  7i  inches  in  depth  on  the  outer  side,  and 
7  inches  in  depth  on  the  inner,  by  which  means  the  rail  is 
made  to  slope  somewhat  inwards  to  counteract  the  spreading 
tendency  produced  by  the  conical  wheels.  A  piece  of  patent 
felt  is  interposed  the  whole  way  between  the  rail  and  the 
timber,  forming  an  elastic  bed  for  the  rail.  The  longitudinal 
timbers  are  preserved  at  their  correct  distance  apart  by 
transverse  pieces  (a  a)  placed  between  them  at  every  11 
feet,  beiog  notched  into  the  timbers  on  both  sides,  and 
further  secured  to  them  by  wrought-iron  knee-traps.  Similar 
pieces  {b  b)  are  also  placed  at  distances  of  about  14  feet 
apart,  between  the  two  lines  of  railway,  in  order  not  only  to 
preserve  them  at  their  proper  distance,  but  to  steady  the 
whole.  The  ground  immediately  under  the  sleepers,  and 
upon  which  they  bed  (technically  called  the  ballasting),  should 
be  composed  of  clean  gravel,  broken  stone,  burnt  clay,  or 
any  other  hard  material  not  affected  by  wet ;  it  should  be 
well  rammed  and  packed  under  the  rails,  and  its  upper  sur- 
face should  be  formed  in  the  manner  shown  in  the  section, 
BO  as  to  lead  off  any  water  which  may  fall  upon  it,  and  pre- 
vent its  soaking  through  to  the  timber.  The  continuous 
bearing  was  adopted  on  other  lines  besides  the  Great 
Western. 

The  Bjrstem,   liowever,  which  loias  been  moftt  generally 
adopted  is  thAt  of  fixing  the  tmIb  m  uoii  c^xs^  woly^^^^^^ 
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npon  sleepers  placed  at  certain  intervals.    The  system  shown 

at  A,  Fig.  61,  is  the  mode  in 
which  the  London  and  Bir- 
mingham  and    many    other 
lines  were  laid  in  those  por- 
tions which  were  in  catting, 
and  it  consists  in  fixing  the 
chairs  supporting  the  rails  to 
blocks  of  stone,  usually  from 
4   to    5   cubic  feet  in  bulk, 
which  are  firmly  embedded 
^  in  the  ground  ;  they  are  most 
^  frequently  laid  diagonally,  as 
g  shown   at  a.     This  method 
I  has,  however,  been  in  a  great 
£  measure     superseded,     and 
I  timber   sleepers  are   almost 
J  universally  employed  at  the 
QQ  present  time.     The  form  of 
o  timber   sleeper  most  univer- 
J;  sally  employed  is  that  shown 
1  to  at  B,  being  a  piece  of  round 
timber  between  nine  and  10 
feet  in  length,  and  about  12 
inches    in    diameter,     sawn 
down   the   middle  and  laid 
with  the  flat  side  downwards, 
a  flat  bed  being  adzed  out 
on  the  upper  side  for  each 
of  the  chairs.  Another  form 
of  sleeper    (as  shown  at  o) 
was  employed  by  Sir  William 
Cubitt  on  the  South  Eastern 
Bailway,  wbiob  consists  of  a  piece  of  square  Baltic  timber 
sawn   twice  di&gonallj,  as  sliowii  at  i>,  so  «a  Va  \To^wa^ 
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four  sleepers,  which  are  laid  with  their  broad  flat  face 
uppermost. 

Rails. 

[The  rails  now  generally,  indeed,  nniversally  nsed  for  the 
way  of  railways  are  the  double-headed  rail.  Figs.  64  and  65, 
and  the  flanged  or  Yignoles  rail,  Figs.  68  and  69 ;  the  former 
being  keyed  into  cast-iron  chairs  spiked  to  sleepers,  the  latter 
being  laid  upon  and  fastened  direct  to  the  sleepers.  The  prin- 
cipal advantage  of  the  flange  rail  is  the  facility  with  which  it 
can  be  attached  to  the  sleeper  with  fastenings  of  a  simple 
description.  The  disadvantages  are  that  it  cannot  be  tamed 
when  the  head  is  worn,  as  the  doable-headed  rail  may  be, 
that  the  flanges  are  apt  to  oxidize  and  laminate,  and  that  the 
rigid  attachment  of  the  rail  to  the  sleeper  caases  a  greater 
degree  of  distarbance  of  the  way  and  involves  more  laboar 
for  maintenance  than  in  the  case  of  the  doable-headed 
rail. 

The  doable-headed  rail  is  somewhat  heavier  for  the  same 
weight  of  train  than  the  flange  rail.  It  is  easily  bent  into 
carves,  whilst  the  mode  of  attachment  to  the  chairs,  by 
wooden  keys,  admits  of  a  longitudinal  movement  of  the  rails. 
With  sach  freedom,  the  sleepers  are  liable  to  be  dragged 
backwards  and  forwards  in  the  ballast. 

With  regard  to  the  dimensions  of  the  double-head  rail,  the 
width  of  the  table  should  not  be  less  than  2  inches,  nor 
need  it  exceed  2^  inches,  whilst  the  depth  of  the  rail,  from 
the  nature  of  the  fastenings,  cannot  well  be  made  less  than 
5  inches,  the  depth  usually  adopted,  and  it  need  never 
exceed  6}  inches.  The  minimum  weight  of  the  ordinary 
double-headed  rail  is  about  70  lbs.  per  lineal  yard;  the 
maximum  weight  need  never  exceed  84  lbs.  per  yard.  The 
chairs  should  be  made  broad  in  the  seat,  and  about  ^5  IV^^« 
in  weighty  and  placed  on  sleepers  8  feet  apftxl.  T^<b  Yfir^% 
are  placed  on  the  oateide  of  the  rail,  aa  \>7  t)aia  «ctwi%^'ai.wiN. 
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the  jar  is  lessened  between  the  rail  and  the  chair.  When 
the  rails  are  keyed  on  the  inner  side,  the  keys  are  exposed  to 
be  crashed  by  the  wheel-flanges  when  the  tread  of  the  tyres 
becomes  worn.  At  the  same  time,  in  tropical  climates,  it  is 
advisable  to  place  the  keys  on  the  inner  sides  of  the  rails  ; 
for,  by  reason  of  the  wide  range  of  temperatures  to  which 
the  keys  are  exposed  in  contact  with  iron,  they  are  subject 
to  expansion  and  contraction,  in  so  much  that  they  are  likely 
to  be  shaken  ont  of  the  chairs  if  preventive  means  be  not 
employed.  The  general  question,  as  Mr.  C.  B.  Lane  puts  it, 
involves  too  many  independent  variables  to  be  embraced  by 
any  single  formula. 

The  minimum  weight  of  the  ordinary  flange-rail  is  about 
45  lbs.  per  lineal  yard.  If  the  weight  is  made  less  than  this 
for  main  lines,  the  bearing  surface  of  the  rail  is  objectionably 
narrow,  and  comes  too  close  to  the  surface  of  the  sleeper. 

**  The  experience  of  the  last  twenty-five  years,"  said  Mr. 
Bidder,  speaking  in  1861,  **  has  shown  that  one  system  has 
been  adopted  almost  universally — the  double-headed  rails, 
upon  chairs,  with  cross  sleepers — a  plan  which  has  been 
materially  improved  by  fishing  the  joints.  The  ingenuity  of 
inventors  has  been  exercised,  and  the  bridge  rail  and  many 
other  descriptions  have  been  introduced ;  but  none  of  these 
has  met  with  universal  success,  His  own  conviction  was, 
that  the  double-headed  rail,  when  of  proper  materials,  with 
properly  proportioned  chairs,  and  properly  fished,  was  the 
safest  and  the  nearest  approach  to  perfection  that  could  be 
practically  attained  in  climates  like  that  of  England/** 

It  is  curious  to  note  the  diflerence  of  opinion  amongst 
engineers  as  to  the  best  form  of  rail  section.  On  the  conti- 
nent of  Europe  and  in  America,  engineers  have  almost  uni- 
versally laid  the  flat-foot  rail ;  and  in  France,  double-headed 
rails,  keyed  in  chairs,  have  been  replaced  by  flat-foot  rails. 
On  the  JIfatropolitan  and  MetropoUtAiTi  District  Railways, 
•  JywfeidinffM  of  the  Imtitution  of  CivU  Engineer^  no\.  xx..  ^.  nft^. 
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on  the  contrary,  the  flat-foot  rails  have  heen  taken  np  and 
replaced  by  doable-headed,  or  rather  ball-headed,  rails,  in 
chairs. 

The  case  may  be  briefly  stated  in  the  following  terms. 
The  doable-headed  rail  system,  with  chairs,  is  the  best  sys- 
tem, where  sapplies  of  materials  and  laboar  for  maintenance 
and  repair  are  always  ready  and  available.  The  single- 
headed  flange-rail  is  the  best  system  where  the  greatest 
degree  of  simplicity  and  economy  in  constrnction  and  in 
maintenance  constitute  the  chief  consideration. 

The  substitution  of  steel  for  iron  as  the  material  for  rails 
has  become  very  generally  practised.  As  Mr.  R.  Price 
Williams,  a  leading  authority  on  permanent  way,  writing  in 
1876,  justly  remarks,  **  Having  regard  to  the  fact  that,  ten 
years  ago,  the  life  of  iron  rails,  on  some  of  the  most  heavily 
worked  lines  of  railway,  was  barely  three  years,  it  is  ques- 
tionable whether  now,  with  three  times  the  amount  of  traffic, 
it  would  be  possible  to  carry  it  on  without  steel  rails.*' ^  He 
deduced,  from  the  averaged  results  of  observation  and  ex- 
periment, that  the  vertical  wear  of  steel  rails  was  at  the  rate 
of  tV  inch  for  30,000,000  tons  passed  over  them ;  and  it 
appears  from  his  deduction  that  a  fully-proportioned  bull- 
head rail  of  steel  would  last  out  15  or  18  iron  rails.  The 
greater  durability  of  steel  rails  is  not  due  merely  to  their 
greater  strength  or  hardness,  but  very  much  to  the  fact  that 
the  material  of  a  steel  rail  is  homogeneous  and  flbreless,  and 
that  it  holds  together  so  long  as  there  is  any  of  its  substance 
left,  as  it  is  worn  away  by  simple  wear.  Iron  rails,  on  the 
contrary,  fail  by  disintegration, — a  separation  of  the  strands  or 
faggots  of  which  they  are  composed, — cemented  together,  not 
welded,  after  the  superficial  coating  is  worn  off. 

Mr.  Langley,  in  the  course  of  the  discussion  on  Mr.  Price 

•  See  Mr.  R.  Price  WilHainfl*8  paper  «  On  the  PermsoiQi^^  vj  <A 
Bailwsyw."— Pr«w</iV  qf  the  Institutwn  of  Civil   £n9i«i««r«)  V^'l^^ 
roL  xcvi.  p.  147, 
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Williams's  paper,  mentioned  the  results  of  his  experience  on 
the  Blackwall  branch  of  the  Great  Eastern  Railway.  In  1874 
he  laid  down  some  permanent  way  near  Stepney  Station, 
where  there  were  upwards  of  three  hundred  trains  a  day 
passing  over  a  single  line.  The  weight  of  each  train  was,  on 
an  average,  about  160  tons,  making  a  total  of  about  45,000  tons 
daily  over  one  line  of  rails.  The  permanent  way  on  this 
length  was  composed  of  both  steel  rails  and  iron  rails  (sup- 
plied by  nearly  all  the  principal  manufacturers  in  England), 
weighing  80  lbs.  to  the  yard,  and  keyed  in  cast-iron  chairs 
resting  on  rectangular  sleepers.  The  steel  and  the  iron  rails 
were  purposely  laid  close  together,  so  as  to  be  under  precisely 
like  conditions  of  wear  and  tear.  The  greater  number  of 
wrought-iron  rails  had  to  be  turned  in  one  year  and  three 
quarters,  during  which  period  they  had  worn  down  about 
i  inch ;  but  the  necessity  for  turning  them  did  not  arise 
from  the  wear  itself,  but  because  they  gave  way  in  places, 
either  by  bulging  or  by  splitting.  The  steel  rails  had  worn 
about  iV  inch  in  the  same  period  of  one  and  three  quarter 
years ;  about  27,000,000  of  tons  had  passed  over  them — 
rather  less  than  the  tonnage  given  by  Mr.  Price  Williams. 
«*  The  fact  of  the  wrought-iron  rails,*'  Mr.  Langley  justly 
observes,  "  wearing  away  twice  as  much  as  the  steel,  was 
not  an  indication  of  the  true  value  of  the  two  rails  ;  because 
the  steel  rails,  after  wearing  down  iV  inch,  were  still  avail- 
able, and  would  continue  to  be  so  until  nearly  the  whole  of 
the  head  was  worn  off,  the  wearing-down  being  regular  and 
uniform.  The  iron  rails,  on  the  other  hand,  were  crushed 
in  places,  and  no  longer  fit  to  remain  in  the  road."  Mr. 
Langley  mentioned  the  results  of  other  comparative  trials  he 
had  made  at  the  Nine  Elms  goods-yard,  on  the  London  and 
South- Western  Railway.  In  February,  1878,  he  had  laid  a 
eteeJ  rail  on  one  side,  and  an  iron  rail  on  the  other  side,  of 
the  sbunting-road  where  there  wa.B  most  tc&ffic — an  average 
of  nearly  four  hundred  engines  and  tr«im«^«b»«fai%Qi^^xV^<&\vsL^ 
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in  the  day  of  twenty-fonr  honrs.  The  steel  rail  was,  at  the  time 
of  speaking,  in  May,  1876,  still  in  good  condition — ^a  layer 
iV  iiich  thick  having  been  worn  off;  whilst,  daring  the  same 
period — over  three  years — the  iron  rail  on  the  opposite  side 
had  been  renewed  three  times,  the  renewal  having  taken 
place  after  each  rail  had  been  tamed,  and  both  heads  so 
worn  that  the  rail  was  unfit  for  farther  service. 

The  cost  of  relaying  one  mile,  single  line,  of  the  principal 
English  railways,  daring  the  period  1865 — 75,  is  given  by 
Mr.  R.  Price  Williams  as  follows  : — 


Double-headed  rails,  average  weight  80  Ibe.  per  yard ;  price  £7  10s. 
per  ton. 

Yards.     Lbs.     TonB.Cwts.    £    s.    d.  £     s. 

Rails,       3,620  at  80  =  126    0  at    7  10    0  =  945    0 
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CHAPTER  IX. 

STANDARDS  OF  PERMANENT  WAY  OF  RAILWAYS. 

[The  standard  model  of  permanent  way,  on  the  doable-headed 
rail  and  chair  system,  adopted  by  Mr.  John  Fowler,  is  illus- 
trated in  Figs.  62  and  63,  showing  the  formation,  the  bal- 
last, the  sleepers,  and  the  rails  and  chairs,  as  used  in  the 
New  South  Wales  Railways,  of  which  Mr.  Fowler  is  the 
Consulting  Engineer. 

The  sleepers  are  of  colonial  hard- woods,  chiefly  of  iron- 
bark  timber,  rectangular  in  section,  10  inches  wide,  and 
6  inches  deep,  and  10  feet  in  length.  They  are  placed  at  an 
average  distance  of  8  feet  apart  from  centre  to  centre, — ^being, 
for  21  feet  rails,  8  feet  1  inch  apart,  but,  at  the  joints,  only 
2  feet  6  inches,  and  for  18  feet  rails,  8  feet  1  inch  apart,  but, 
at  the  joints,  2  feet  7  inches  only. 

The  double-headed  rails.  Figs.  64  and  65,  are  of  steel, 
6^  inches  in  depth,  2}  inches  wide,  at  the  upper  and  lower 
tables,  or  heads,  and  |  inch  thick  at  the  web,  or  vertical  por- 
tion. The  upper  and  lower  surfaces — the  rolling  surfaces — 
are  curved  in  section  to  a  radius  of  5^  inches,  the  depth 
of  the  rail.  The  sides  of  the  head  are  rounded  to  a  radius  of 
'59  inch,  making  a  diameter,  or  thickness  vertically,  of 
1  i^  inches.  The  shoulders  or  underhangs  of  the  tables  are 
inclined  to  a  slope  of  about  1  in  2,  forming  straight  and 
equally-inclined  bearings  to  receive  the  fishplates.  The  fish- 
platea,  or  spUeea,  with  which  the  ends  of  the  rails  are  con- 
neoted,  are  of  steel,  to  the  sectiioii  b\io^wii  Vsl  Y\%.  ^V^  ^kA 
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rails,  as  shown,  and  are  fastened  with  four  i-inch  bolts  and 
nuts.  The  holes  for  the  bolts,  in  the  fishplates,  are  spaced 
apart  to  a  pitch  of  4^  inches,  so  that  the  distance  apart  of 
the  extreme  boles  amotmts  to  (4i  x  8  =)  18^  inches  between 
their  centres.     The  rails  are  laid  with  a  clearance  of  ^  inch 
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apart  between  the  ends,  making  the  distance  of  the  first  hole 
in  each  cod  (2^  —  ^ )  2^  inch  &om  the  end  of  the  rail  to 
the  centre  of  the  hole.  The  holes  in  the  rails  are  drilled  to 
a  diameter  of  Ij^  inches,  whilst  those  in  the  fishplates  are 
H-inch  in  diameter,  or  ^  inch  larger  than  the  bolts.  The 
following  ia  an  extract  from  the  specification  for  the  double- 
headed  rails,  which  are  of  steel : — 

"The  section  of  the  rail  is  shown  in  Fig.  64,  the 
weight  being  abont  76  lbs.  per  jard ;  a  template  most  be 
made  b^  the  mannfactnrers  from  the  drawing  attached,  and 
must  be  approved  by  the  Consulting  Engineer,  Mr.  John 
Fowler,  before  commencing  to  roll.  No  rails  weighing  less 
than  76^  lbs.  per  yard  will  be  accepted,  nor  will  any  allowance 
be  made  for  weight  beyond  7&^  lbs.  per  yard.  Within  these 
limits  the  rails  to  be  paid  for  at  their  actual  weight. 

"The  length  of  the  rails  to  be  as  onder,  namely : — 
50  per  cent.,  34  feet  long. 
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and  no  deviation  from  these  lengths  exceeding  A  u^ch  will 
be  allowed. 

''  The  rails  are  to  have  ten  holes  drilled  at  each  end  of 
the  rail  for  fishing,  the  exact  positions  and  size  of  which  are 
shown  on  the  drawing.  Any  variation  therefrom  of  more 
than  ^  inch  subjects  the  rail  to  rejection. 

«  Each  rail  is  to  be  marked  on  the  side  with  the  maker's 
name,  year  and  month  of  manufacture,  the  initials  N.S.W.G., 
and  the  word  **  Steel."  None  of  these  letters  or  marks 
to  exceed  (  inch  in  depth,  so  as  to  avoid  interference 
with  the  jaws  of  the  chairs. 

**  The  ingots  from  which  the  rails  are  made  are  to  be  cast 
of  the  best  steel  for  the  purpose  ;  the  proportion  of  carbon  to 
be  used  in  combination  is  to  be  left  to  the  discretion  of  the 
maker ;  but  it  must  be  such  as  to  insure  the  rails  being  hard 
and  tough,  and  capable  of  enduring  the  tests,  as  hereafter 
enumerated,  without  signs  ,of  fracture  or  deterioration. 
The  rails  must  be  made  of  uniform  quality  from  good  sound 
ingots,  well  hammered  and  reduced  in  cogging  rolls,  reheated, 
and  then  finished  in  the  rolls  while  yet  visibly  red  by 
daylight. 

**  Conditions. — Before  commencing  to  roll  the  rails,  samples 
must  be  sent  to  the  Engineer,  of  the  quality  of  the  steel  the 
Contractor  proposes  and  will  guarantee  to  use,  and  under  no 
circumstances  will  he  be  permitted  to  sublet  any  portion  of 
the  contract,  or  to  make  the  rails  at  any  other  works  than 
his  own,  without  the  written  consent  of  the  Engineer. 

**  The  rails  to  be  of  uniform  section  throughout,  to  be  free 
from  all  defects,  the  ends  sawn  off  true  and  square,  free 
from  roughness  at  the  edges,  and  the  straightening  must  be 
done  without  hammering.  The  surface  of  the  rails  to  be 
entirely  free  from  defects. 

''  The  tests  to  be  applied  are  as  follows : — 

**  Certain  rails  of  each  day*s  make  ahaW  \)e  %c\ib^\A^<k  viA 
eaei  nil  tested  slmll  b&ve  a  portion,  4  feel  ft  mcSaft^  Vs^%. 


126  THE   RUDIMENTS  OF   aVIL  ENGINEERING. 

oat  off.  This  shall  be  placed  with  the  head  upwards  upon 
iron  supports  8  feet  6  inches  apart  in  clear,  bedded  npon 
a  solid  foundation. 

**  The  rail  to  be  then  subjected  to  three  blows  from  a 
weight  of  1,800  lbs.  falling  6  feet  each  time. 

**  The  rail  is  to  stand  this  test  without  showing  any  signs 
of  fracture,  or  greater  permanent  set  than  4  inches  at  the 
centre. 

**  One  or  more  crop  ends,  or  cut  rails,  shall  be  selected, 
which  shall,  if  necessary,  be  cut  to  a  length  of  about  2  feet. 
These  shall  be  placed  on  the  side,  between  two  anvils 
16  inches  apart.  They  shall  then  receive  one  blow  of  a 
steam  hammer  (in  the  centre,  by  the  intervention  of  a  man- 
drill) capable  of  bending  them  from  2^  to  8  inches ;  and 
shall  afterwards  be  held  on  an  anvil  so  as  then  to  receive  one 
or  more  blows  of  a  steam  hammer  on  the  end,  which  shall 
bend  them  to  not  less  than  a  right  angle  (the  inner  radius 
being  not  more  than  4  inches),  and  in  that  condition  they 
shall  eiLhibit  no  signs  of  fracture  or  serious  injury. 

**  The  rails  shall  also  be  subjected  to  any  other  reasonable 
tests  which  may  be  directed  by  the  Engineer,  to  ensure  the 
rails  being  of  the  highest  quality  for  strength  and  en- 
durance.*' 

The  fishbolts,  as  well  as  the  spikes  for  fastening  the 
chairs,  ^*  are  all  to  be  made  from  the  finest  quality  of  close 
fibrous  iron.  The  bars  from  which  the  fastenings  are  made 
will  be  tested  by  bending,  when  cold,  to  an  angle  of  45°  out 
of  the  straight  Hne ;  they  are  then  to  be  re-straightened,  and 
after  this  test  they  shall  show  no  signs  of  fracture. 

''The  fishbolts  are  to  have  cupped  heads  forged  out  of 
the  solid :  they  are  to  be  formed  at  the  neck  as  shown, 
to  prevent  their  turning  round  while  being  screwed  up. 

**  They  are  to  be  i  inch  in  diameter,  and  all  bolts  which 
vjuy  more  than  ^  inch  from  the  specified  diameter,  will  be 
rejected,     Tho  loiuia&otarer  must    pxo^'QLft  \»xxwi^\i  mVXi 


HTANDAKDS  OF   FBKMANENT   WAT   OP    RAILWAYS.       127 

some  of  the  approved  fishplates,  and  daily  try  the  bolts  to 
Bee  that  they  fit  properly  in  the  plates.  The  screwed 
portion  of  the  bolts  to  be  of  the  exact  length  shown,  the 
threads  to  be  of  Whitvorth's  standard." 

The  cast-iron  chairs  in  which  the  doable-headed  rails  are 
fixed  are  shown  in  Figs.  66,  In  which  the  rail  is  ehowa 
in  ite  place,  canted  to  an  angle  of  1  in  20  with  the  perpen- 
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dicnlar;  and  fixed  with  a  hard-wood  key  or  wedge.  The 
chairs  weigh  26  lbs.  each.  The  sole  is  18}  inches  long, 
4^  inches  wide,  and  1}  inches  thick  under  the  rail.  Each 
chair  is  fixed  to  the  sleeper  by  two  spikes.  The  holes  for 
the  spikes  are  cast  conically  to  a  diameter  of  2  inch  at  the 
bottom,  and  \i  inch  at  the  top,  and  are  a^rwards  cleaned 
oat  with  a  rymer  to  a  diameter  of  fi  inch  at  the  top,  tapering 
to  a  inch  at  the  bottom.  The  nil  is  fixed  in  the  chur  by 
means  of  a  hard-wood  key  1}  inches  thick.  Teat-barB  of 
the  metal  used  for  casting  the  chairs,  are  cast  to  a 
scantling  of  2  inches  by  1  tncb,  and  to  8}  feet  in  length. 
They  are  placed  on  edge,  on  supports  8  feet  apart,  and 
are  required  to  carry  a  dead  weight  of  30  cwts.  suspended 
from  the  centre  of  the  bar,  without  fracture. 

The  wronght-iron  spikes  for  the  chturs  are  i  inch  in 
diameter,  with  semi-spherical  cup-heads  1^  inches  in 
diameter,  forged  ont  of  the  sohd.  The  neck  of  the  spike 
is  1}  inches  long,  and  is  slightly  taper,  being  if-  inch  in 
diameter  next  the  head.  The  end  of  the  ft^)!li«  u  tiaa:QiVst«^> 
TJm  weight  of  the  spike  is  about  1^  \\>b. 
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The  above  way,  as  laid  in  New  South  Wales,  is  bedded  in 
ballast  consisting  of  broken  stone,  12  inches  in  depth  below 
the  sleepers,  broken  to  a  gauge  of  8  inches ;  boxed  up  with 
broken  stone  of  a  smaller  size,  to  a  gauge  of  2  inches,  for  a 
depth  of  8  inches.  The  total  depth  of  the  ballast  from  the 
crown  of  the  formation  is  22  inches.  The  surface  of  the 
formation  is  slightly  rounded  in  cross-section  in  order  to 
drain  off  water  penetrating  through  the  ballast. 

Mr.  Fowler's  standard  model  of  permanent  way  on  the 
system  of  single-headed  flanged  rails  is  illustrated  by  Fig.  67, 
for  a  single  line  of    way.      The    sleepers  are  the   same 


Fig.  67.— Type-Section  of  Permanent  Way,  by  Mr.  John  Fowler. 

in  dimensions  and  in  arrangement  as  those  already 
described  for  the  double-headed  rail,  except  that  they 
are  only  8  feet  in  length.  The  inward  cant  of  the  rails, 
which  is  pro>dded  by  the  form  of  the  chair  for  double-headed 
rails,  is  here  provided  by  planing  out  by  machinery  the  beds 
of  the  rails  at  the  upper  side  of  the  sleepers,  to  the  angle 
of  1  in  20 ;  and  that  the  rails  may  be  kept  in  gauge,  the 
beds  are  notched  into  the  surface,  to  the  thickness  of  the 
flanges  of  the  rails. 

The  rails.  Figs.  68  and  69,  are  4f  inches  in  depth,  and  4f 
inches  wide  at  the  flange  or  base.  The  head  is  2^  inches  wide, 
rounded  at  the  upper  surface,  to  a  radius  of  5  inches.  The 
sides  of  the  head  are  flat,  and  rounded  into  the  upper 
surface,  with  a  radius  of  |  inch.  The  web  is  ^  inch  thick, 
and  is  united  to  the  head  and  flange  by  slopes  of  about  1  in  2, 
to  give  bearings  for  the  fishplates.  According  to  the  speci- 
£catioD,  the  weight  of  the  rails  was  to  be  about  71i  lbs.  per 
j^ard/  and  It  waa  to  be  within  the  limits  oi  10  W^s.  wcAllYc^^. 
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Two  li-mch  holes  are  drilled  throngh  the  end  of  each  rail ; 
the  holes  are  ii  inchefl  apart  between  centres,  and  the 
nearest  hole  is  2}  inches  from  the  end  of  the  rail  to  the 
centre.  The  rails  are  laid  with  i  inch  clearance  between  the 
ends,  BO  that  when  nnited,  the  nearest  boles  are  5  inehes 
between  centres ;  and  adding  twice  4J  inches,  or  9  incheB, 
the  extreme  distance  apart  of  the  bolt-bolea  amounts  to 
14  inohea.  No  holes  of  any  kind,  either  punched  or  drilled, 
were  to  be  made  in  the  flanges  of  the  rails.  The  rails  are 
&Btened  to  the  sleepers  by  screws  and  spikes  alternately, 
having  prcgeoting  heads,  by  which  the  flange  is  clipped  and 
held  down. 

The  tests  applied  in  the  coarse  of  mannfactare  of  the  rails 
were  specified  as  follows : — 

"  Certain  rails  of  each  day's  make  shall  be  selected,  and 
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each  rail  tested  shall  have  a  porUon,  4  feet  6  inches  long, 
cat  off ;  this  shall  be  placed  with  the  bead  upwards,  npon  iron 
supports,  8  feet  6  inches  apart  in  the  clear,  bedded  upon 
a  Bobd  foundation. 

"  The  rail  is  to  be  then  subjected  to  three  blows  from  a 
weight  of  I  ton  falling  6  feet  each  time. 

"  The  rail  is  to  stand  this  test  without  deflecting  more 
than  8  inches,  and  without  showing  any  sign  of  fracture ; 
and  it  is  then  to  be  placed  under  a  steoiii  htkmm&T  m-^^'ucia 
aapporta  with  the  head  upwards,  and  a'h^\  Am  t(ix\b<iii  >m»^> 
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by  repeated  blows  to  8  inches  out  of  a  straight  line  in  a 
length  of  8  feet  6  inches,  and  must  then  exhibit  no  signs  of 
fracture. 

''  The  rails  shall  also  be  subjected  to  a  suspended  load  of 
25  tons  between  8  feet  6  inches  clear  bearings,  without  perma- 
nent set  exceeding  A  inch,  and  to  any  other  reasonable  tests 
which  may  be  directed  by  the  Engineer,  to  ensure  the  rails 
being  of  the  highest  quality  for  strength  and  toughness." 

It  is  added  that,  **  if  more  than  5  per  cent,  of  the  rails  so 
tested  fail  to  bear  the  tests  satisfactorily,  the  entire  batch 
from  which  the  rails  were  selected  shall  be  liable  to  absolute 
rejection  at  the  discretion  of  the  Engineer.'* 

The  fishplates,  in  section.  Fig.  68,  are  of  steel.  ''  They  are 
to  be  sawn  off  square  at  the  ends,  and  are  to  be  perfectly  true 
and  fair  in  surface  after  cutting  and  punching,  without  any  burr 
on  the  edges,  or  bulging,  and  to  effect  this,  they  are  to  be  pressed 
while  hot,  in  a  press  provided  with  dies  properly  contoured 
to  the  section  of  the  plates.**  Each  plate  has  four  holes 
punched  in  it,  H  inch  wide,  and  angled  at  each  side,  to 
receive  the  corresponding  square  angles  on  the  necks  of 
the  bolts.  The  fishplates  weigh  about  22  lbs.  per  pair,  they 
are,  when  finished,  heated  and  dipped  in  linseed  oil.  The 
fishplates  are  like  those  which  have  already  been  described 
for  the  double-headed  rails. 

The  screws  and  spikes  for  fastening  the  rails  to  the 
sleepers  are  manufactured  of  f-inch  round  iron,  with  the 
heads  forged  out  of  the  solid.  The  screwed  part  of  the  wood- 
screw  tapers  i  inch  in  diameter.  The  screws  and  the  spikes 
weigh  1  lb.  each. 

In  the  United  States,  the  Vignoles,  or  flange-rail,  is  almost 

universally  used  for  railways.      It  varies  in  weight  from 

67  lbs.  or  70  lbs.  per  yard,  on  a  few  of  the  leading  lines,  to 

80  lbs.  on  narrow-gauge  lines.     Fully  60  per  cent,  of  the 

Jengtb  is  laid  wiik  rails  of  56  lbs.  per  yard ;  and  rails  of 

60Jbam  and  60  Jba,  per  yard  are  next  in  it^qoieiic^ .    Q>^^\«ai 
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Galton  dsBcribea  the  standard  way  or  track  of  the  Pennayl- 
vania  Railroad,  shown  in  Fig.  70.  It  is  constructed  with  flanged 
steel  rails,  of  two  sections,  one  of  60  lbs.  per      .X 
yard  (Fig.  71),  the  other  of  67  lbs.,  in  lengths  of        ^ 
80  feet.     The  60-lb.  rail  is  4^  inches  deep,  and 
the  67-lb.  rail  is  4i  inches  deep.     The  head  of 
the  60-Ib.  rail  is  If  inches  deep,  and  that  of 
the  67-Ib.  rail  is  1^  inches  deep.    The  fishes  or 
splices  are  2  feet  in  length  ;  they  are  held  by 
four  bolts,  two  on  each  side  of  the  joint.     The 
onter  HpEce  is  formed  with  a  horizontBl  flange 
or  "  tongue,"  which  overhangs  the  fiange  of  the 
rail,  and  is  spiked  to  the  sleeper.     The  joint  is 
"easpended"  between  two  sleepers.    Allow- 
SDce  for  expansion,  when  the  rails  are  laid  in    ^  | 
winter,  is  provided  by  leaving  a  space  iV  inch 
clear  width  between  the  ends  of  the  rails  ;  in 
sonuner,  a  space  only  fV  inch  wide  is  allowed. 
The  sleepers  are  8  inches  wide  by  7  inches 
deep,  and  8}  feet  in  length.     They  are  laid  so 
closely  that  the  maxiiUDm  distance  apart  be- 
tween centres  does  not  exceed  2  feet.     There 
are  16  sleepers  for  each  length  of  30  feet,  and    ^  -. 
the  sleepers  at  the  joints  ore  laid  with  a  clearance 
of  only  10  inches  between  them.    The  rails  are 
laid  to  a  gauge  of  i  feet  9  inches ;  they  are        ^ 
fastened  by  spikes  to  each  sleeper,  at  the  inside     v 
and  the  outside.     The  width  for  the  doable  line  of  way  at 
the  formation  level  is  81  feet  4   inches  i 
entting.  On  embankments,  the  width  of  the 
formation  is  24  feet  8  inches.    The  surface 
is  formed  with  a  slope  of  1  in  20  from  the 
centre  to  each  side.     The  ballast  is  lai 
to  a  depth  of  not  less  than  12  inches    E^.  i\— ^u&i>;m!v 
nnderlbe eleeper,  and  is  filled  np  to  t\ie\Q\Q\ol  N3aft«.\i'^«t 
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surface  of  the  sleepers.  At  the  enter  edges,  it  is  sloped 
down  to  the  formation  level.  Where  stone  hallast  is  used, 
it  is  hroken  uniformly  to  a  gauge  of  2^  inches  in  diameter. 
For  douhle  lines,  large  stones  are  placed  in  the  bottom,  at 
the  centre  between  the  lines,  to  provide  for  dramage  ;  but 
those  stones  are  kept  apart  from  the  ends  of  the  sleepers. 
Thus  water  is  drained  off  rapidly.] 


CHAPTER   X. 


METALLIC  PERMANENT  WAY  OF  RAILWAYS. 


[Metallig  permanent  way,  in  which  the  sleepers  are  of  iron, 
has  been  much  employed  in  tropical  countries,  and  is  now  to 
some  extent  adopted  in  France  and  in  Germany.   The  oldest 
and  most  widely  used  system  of  metallic  way  is  that  of  Mr. 
H.  Greaves,  who,  in  1846,  introduced  a  spherical  or  bowl 
sleeper  of  cast-iron,  having 
the  chair  for  the  rail  cast 
on  its  apex.   The  alternate 
sleepers  are  connected  and 
kept  to  gauge  by  trans- 
verse    bars,   which    pass 
through  and  are  bolted  to 
them.     The  form  of   the 
sleeper  is  strong,  it  holds  ^'  '^^^"""^  ^^''^• 

well  in  the  ground,  the  chair  is  not  liable  to  be  detached,  the 
whole  bearing  surface  is  directly  beneath  the  road,  the  ballast 
is  kept  dry  and  elastic  ;  and  there  is  a  simple  means  for  pack- 
ing the  sleeper  through  the  holes,  with  a  pointed  rammer, 
from  the  surface,  so  that  the  sleeper  and  the  rail  can  be  forced 
upwards  without  disturbing  the  general  bed  of  ballast ;  or  they 
may  be  lowered  by  taking  out  a  portion  from  the  interior. 

Wrought-iron   transverse    sleepers    were    first   tried    in 
Belgium  in  1862,  then  in  France  and  in  Portugal^  and.  ^.i^i^T- 
wards  in    Germany.      One  of  the  fiiftl  ol  IVi^tdl  ^%»  ^<^ 
CouUlet  sleeper,  like  I  in  section,  1  vncVie^  widi^^  ^VOsi  ^ 
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shallow  flange  at  each  edge,  and  about  8  feet  long,  weighing 
100  lbs.  It  was  laid  flat  on  the  ballast,  and  a  flange-rail 
was  bolted  to  it,  bedded  on  a  cushion  of  hard-wood.  The 
Le  Crenier  sleeper  was  also  shallow  in  section,  like  i — i,  con- 
sisting of  plate-iron  turned  down  at  the  edges.  It  was 
12  inches  wide,  and  8  feet  long,  and  the  flange-rail,  placed 
directly  upon  it,  was  fixed  by  brackets  bolted  to  the  sleeper. 
These  and  other  wrought-iron  sleepers  were  tried,  and  were 
found  to  be  deficient  in  vertical  stiflhess,  and  inconvenient 
for  the  operations  of  packing,  whilst  they  ofiered  little  resis- 
tance to  lateral  displacement  of  the  way. 

The  Yautherin  sleeper,  first  tried  in  1864,  on  the  Lyons 
Railway,  has  been  successful.  It  is  hollow  in  section,  of  the 
form  A,  truncated,  supposing  the  upper  part  of  the  letter  to  be 
removed ;  presenting  a  flat  bearing  surface,  8^  inches  wide,  for 
a  flange-rail.  It  is  8  feet  in  length,  and  9  inches  wide,  over  the 
flanges  forming  the  base.  It  is  f  inch  thick  at  the  centre, 
and  is  only  about  half  that  thickness  in  the  wings.  The 
rail  is  fixed  to  the  sleeper  with  gibs  and  cotters.  It  has 
been  reported  that  the  motion  over  the  Yautherin  sleepers  is 
much  easier  than  that  over  sleepers  of  oak,  and  that  in  conse- 
quence the  cost  of  maintenance  is  comparatively  small.  It  is 
stated  that  among  a  number  of  rails,  laid  for  trial  under  similar 
conditions,  some  of  them  on  wooden  sleepers,  and  some  of 
them  on  Yautherin  sleepers,  the  number  of  defective  rails 
amounted  to  only  2^  per  cent,  of  those  laid  on  Yautherin 
sleepers,  against  18  per  cent,  of  those  laid  on  wood.  It  was 
found  that  if  the  Yautherin  sleepers  were  not  at  least  8  feet 
in  length,  they  failed  at  the  ends,  and  that  even  for  this 
kngth  it  was  expedient  to  strengthen  them  at  the  angles. 
It  was  also  found  that  large  and  hard  ballast,  or  broken 
stones  or  broken  slag,  aggravated  the  tendency  to  give 
way.  Ballast  of  ashes  produced  a  similar  bad  effect,  and 
aho  caused  the  sleepers  to  rust.  On  the  contrary,  ballast  of 
gravel,  of  a  marly  character,  adapted  itaeU  adisk^V^  \»o  >^^ 
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form  of  the  sleeper.  The  system  of  fastening  the  rails  to  the 
sleepers  hy  gihs  and  cotters  is  being  abandoned  in  favour  of 
clips  and  hook-bolts. 

The  Hartwich  system  of  iron  way  is  an  instance  of  heroic 
attempt  at  improvement.  It  consists  of  a  flange-rail  9^  inches 
deep,  having  a  web  i-^  inch  thick,  and  a  foot  5  inches  wide. 
The  rail  weighs  87  lbs.  per  lineal  yard ;  it  is  flsh-jointed,  and 
is  strengthened  at  the  joint  by  a  sole-plate  19  inches  long, 
9  inches  wide,  and  |  inch  thick  at  the  centre,  secured  to  the 
rails  by  eight  bolts  and  nuts  connected  transversely  by  two 
sets,  at  different  levels,  of  screwed  tie-rods.  The  rails  are 
laid  in  trenches  filled  with  gravel  and  small  stones.  This 
system  has  given  bad  results  wherever  it  has  been  laid.  The 
rails  soon  became  curved  longitudinally.  On  one  line,  after 
8}  years  of  service,  they  acquired  a  permanent  set  of  1  inch, 
and  had  to  be  taken  up.  The  renewals  were  frequent  and 
tronblesome. 

The  Hilf  system  of  iron  way  consists  of  two  parts  :  an 
iron  longitudinal  sleeper,  and  a  flange-rail  of  steel.  It  is 
simple,  easily  laid  and  maintained,  and  economical.  The 
sleeper  is  in  section  like  the  letter  £,  bevelled  at  the  angles, 
having  an  upper  flat  surface,  and  three  flanges  downwards. 
It  is  12  inches  wide,  and  about  2^  inches  deep,  and  it  can  be 
rolled  to  lengths  of  80  feet  and  only  i  inch  in  thickness, 
and  to  a  weight  of  59  lbs.  per  yard.  The  rail  is  4*82  inches 
high,  with  2*82  inches  width  of  table,  8*40  inches  width  of 
flange-base,  and  ^  inch  thickness  of  web.  It  is  rolled  in 
lengths  of  80  feet,  and  weighs  51^  lbs.  per  yard.  It  is  fish- 
jointed,  and  is  fixed  to  the  sleeper  with  two  rows  of  bolts  and 
nuts  at  intervals  of  from  80  to  40  inches.  The  gauge  is 
preserved  by  means  of  1-inch  tie-rods,  screwed  at  both  ends, 
with  nuts.  One  tie-rod  is  sufficient  for  each  length  of  rail. 
The  combined  rail  and  sleeper,  placed  on  supports  54  inches 
apart,  can  carry  18  iona  at  their  middle,  '^iiViiiCAxNi  \xc^^T>si% 
ibeir  eJAeticity,] 


CHAPTER  XI. 

RAILWAY  SWITCHES  AND  CROSSINGS. 

It  is  frequently  necessary  to  pass  trains  from  one  line  of 
rails  to  another,  and  several  different  methods  have  been 
devised  for  doing  this.  One  of  the  simplest  and  most 
frequently-adopted  plans  is  to  lay  down  a  short  line  of  rails, 
connecting  the  other  two,  and  so  establishing  the  desired 
communication.  It  becomes  necessary,  however,  then,  to 
have  the  means  of  connecting  and  disconnecting  this  short 
with  the  main  line  at  pleasure,  according  as  it  is  intended 
that  the  train  should  leave  or  continue  upon  the  latter ;  and 
this  is  effected  by  means  of  a  contrivance  termed  a  switch, 
which  is  shown  in  Fig.  73 :  ab  and  c  d  sxe  portions  of  the 
rails  of  the  main  line,  and  ef&nd  g  h  portions  of  the  short 
line  branching  from  it,  all  of  which  are  immovably  fixed  in 
the  ordinary  manner,  with  the  exception  of  the  two  rails/  % 
and  k  I ;  these,  which  are  termed  the  torufues  of  the  switch, 
are  only  fixed  at  one  of  their  ends, /and  k,  on  which  they 
turn  as  centres ;  their  other  ends  are  tapered  away  to  nearly 
a  point,  a  slight  recess  being  cut  in  the  other  lines,  at  i  and 
/,  into  which  they  fit.  These  tongues  are  connected  together 
by  a  bar,  mno,  by  means  of  which  they  are  always  pre- 
served at  such  a  distance  apart,  that  when  either  of  the 
tongues  is  in  contact  with  the  rail  near  it,  the  other  shall  be 
removed  from  the  opposite  rail  sufficiently  to  leave  space  for 
ibe  £ange  of  the  carriage-wheels  to  pasa  between  them.  In 
order,  then,  to  cause  a  train  to  purBue  its  coT>x%e  ^0x1%  ^<^ 
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Fig.  7&~Poi]iU  imd  GTOH&ngB. 
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main  line,  or  to  leave  the  same  and  enter  the  branch  line, 
it  only  becomes  necessary  to  move  the  bar  m  n  o,  which, 
when  in  the  position  shown  at  a,  will  cause  the  carriages  to 
leave  the  main  line,  but  if  shifted  into  the  position  shown  at 
B,  will  cause  them  to  continue  their  course  along  the  same. 
It  is  usual  to  have  the  switches  so  arranged  that  they  are 
kept  in  the  position  shown  in  b  (in  which  the  main  line  is 
not  interrupted)  by  a  self-acting  weight,  the  attendance  of  a 
man  to  move  them  into  the  position  shown  at  a  being 
necessary  when  it  is  desired  that  the  train  should  leave  the 
main  line.  Two  guard  rails,  p  q,  r  a,  are  necessary  in  order 
to  prevent  the  flanges  of  the  wheels  from  striking  against  the 
point  where  the  two  lines  intersect  each  other. 

Another  method  of  removing  only  single  carriages  from 
one  line  of  rails  to  another,  is  by  means  of  what  is  termed  a 
turntable.    Three  of  these  are  shown  in  Fig.  74,  at  a,  b,  and 


Fig.  74.— Turntables. 

0.  They  consist  of  a  circular  platform  of  timber  or  iron, 
supported  on  wheels,  and  fixed  upon  a  centre  in  such  a 
manner  that  it  is  capable  of  being  turned  round,  even 
when  loaded  with  a  considerable  weight,  without  much 
friction.  On  their  upper  surface  they  have  usually  two  lines 
of  rails  crossing  at  right  angles,  and  they  are  so  placed  that 
iAese  form  the  continuation  of  the  main  Unes  of  the  railway, 
^nd  another  line  croaaing  these  at  rigbt  «xi^e««  «k%  ^Qr^im  m 
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the  figure.  Now,  the  way  in  which  these  are  employed  is  as 
follows :  supposing  that  a  number  of  carriages  situated  on 
the  line  f  g  were  required  to  be  removed  on  to  the  line  d  a, 
the  carnage  nearest  o  would  be  moved  on  to  the  turntable  o, 
(which,  it  should  have  been  stated,  is  of  sufficient  diameter 
to  receive  the  whole  of  the  carriage  upon  it,)  and  brought 
into  the  position  shown  by  the  whole  lines,  abed;  the  turn- 
table would  then  be  turned  upon  its  centre  through  a 
quarter  of  a  circle,  by  which  the  carriage  would  be  brought 
into  the  position  shown  by  the  dotted  lines  ef  g  h;  it  would 
then  be  run  over  the  turntable  b,  on  to  a,  into  the  position 
shown  hjikl  m,  and  the  turntable  a  being  turned  upon  its 
centre,  would  bring  the  carriage  into  the  position  shown  by 
the  whole  lines,  n  o  p  q,  in  which  it  would  only  have  to 
move  down  the  line  of  rails  to  d  ;  and  the  same  method  of 
procedure  being  followed  with  the  other  carriages,  the  whole 
train  would  in  a  very  short  time  be  shifted  from  one  line  to 
the  other.  If  it  had  been  desired  to  bring  the  carriage  on  to 
the  centre  line  of  rails,  then  the  turntable  b  would  have  been 
employed  instead  of  a. 

A  simple  method  of  reversing  a  train  of  carriages  is  shown 
in  Fig.  75,  which  consists  in  forming  a  short  branch,  b  f,  at 
right  angles  with  the  main  line,  and  communicating  with  it 
by  two  curves,  b  e  and  e  c.  The  train  has  only  then  to  be 
run  off  the  main  line,  by  the  curve  b  e,  into  the  branch, 
until  the  last  carriage  has  cleared  the  point  b,  when  the 
switches  are  altered,  and  the  train  returned  to  the  main  line 
by  the  other  curve,  e  c,  by  which  the  whole  train  will  have 
been  reversed,  the  end  which  before  was  towards  a  being 
now  towards  d. 

[Switches  constructed  of  ordinary  double-headed  rails  are 
open  to  the  objection  of  the  insufficient  wearing  surface  of  the 
lower  table  of  the  rail  on  the  chair,  and  to  \»\i^  \xvi^\A^^\»^ 
AiisiDg  from  the  great  height  of  the  tongue  i^^  xc^a&^t^:)  ^»^ 
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the  width  of  the  base.  Hence  the  adaption  of  specially- 
formed  rails  for  the  constnictioa  of  the  points.  Wild  and 
Potsode'  switch,  of  which  the  section  and  contour  hues  ars 


Fig.  TG.— Berenmg  Cnrvu. 

shown  in  Figs.  76,  iB  on  a  good  model.  The  tongue  rail, 
Fig.  77.  has  great  width  of  baee — nearly  4  inches — whilst 
the  height  is  only  8j  inches,  as  against  6  inches,  the  height 
of  the  fixed  rail.  It  thns  posseaaes  both  stability  and  trans- 
verse strength.  Again,  the  tongne 
is  so  tapered  that  the  end  of  it  is 
housed  under,  instead  of  being 
notched  into,  the  upper  table  of 
the  fixed  rail ;  so  that  the  train 
maybe  transferred  withont  shock 
from  the  fixed  line  of  rails  to  the 
siding,  or  vice  versa.  The  fised 
^  rails  are  secored  in  the  chairs 
by  wedges  instead  of  pins  as 
.—woduiaFanoiu'BwKiili.  formerly.  The  tonga e  rails  are 
each  12  feet  long.  There  are  two  heel  chairs,  to  which  the 
Bwitebea  or  tongue  rails  are  pinned,  on  which  they  torn,  and 
*^ht  iatenaedimte  ahaiia,  on  wluch  the^  a&ie. 
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Parsons'  reversible  steel  crossing,  Figs.  77,  is  constmcted 
of  steel  rails,  similar  in  section  to  an  ordinary  donble-headed 
rail,  except  that  the  npper  table  is  formed  square  at  one 


PBSW 


Figs.  77.— Panon^  Croamng. 


side.  This  formation  adds  to  the  bearing  surface  of  the 
rail  where  it  is  most  needed — at  the  gap — the  wheels  being 
thus  well  supported  by  the  wing-rails  before  quitting  the 
point,  and  passing  smoothly  over  the  gap.] 


CHAPTER  Xn. 
TRAMWAYS. 

• 

[A  TBAMWAT,  in  the  modem  sense  of  the  word,  is  a  street- 
railway,  or  a  road-railway,  forming  part  of  the  road  or  the 
street,  and  constituting,  with  the  carriage-way,  a  combina- 
tion of  railways  and  common  thoroughfares,  snch  that  the 
traffic  of  the  street  or  the  road,  nnafifected  by  the  tramway, 
is  free  to  circolate.  It  follows,  as  the  principal  condition  of 
snch  firee  circulation,  that  the  surface  of  the  rails,  whilst 
these  are  adapted  for  canying  flanged  wheels,  should  be 
substantially  at  the  general  level  of  the  carriage-way. 

The  modem  tramway  was  first  employed  in  the  United 
States,  where  it  was  urgently  wanted,  in  consequence  of  the 
inferior  condition  of  the  streets  and  roads  of  the  large  cities. 
The  first  American  tramway  was  the  New  York  and  Haarlem 
line,  -of  which  the  first  section,  laid  in  the  main  thorough- 
fares, was  opened  in  1832.  It  was  laid  to  a  gauge  of  4  feet 
8i  inches.  But  it  was  unpopular,  and  was  for  a  time  sup- 
pressed. Tramways,  nevertheless,  were  revived  in  the  same 
city,  about  the  year  1852,  by  the  instramentality  of  M. 
Loubat,  a  French  engineer,  who  recommended  and  laid  down 
a  tramway  consisting  of  rolled  wrought-iron  rails  laid  upon 
wooden  sleepers.  The  rails  were  constracted  with  a  groove 
in  the  upper  surface,  to  guide  the  wheels  of  the  cars,  which 
were  m&de  with  flanges,  like  those  of  railway  carriages  and 
waggons.  Tramwaya  were  rapidly  m\ii\aL^\i<d4  m  l^ew  York, 
which  ow0a  much  of  its  developmeui  V>  \3[iA  VxttxcL^v^^^  ^^ 
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traffic  on  which  is  of  maoh  more  importance  than  that  of  the 
light-wheeled  vehicles  nsed  for  ordinuj'  circnlation ;  other- 
wise the  rails,  which  were  formed  with  wide,  gnlf-like 
grooTes,  would  not  have  been  tolerated  in  the  etreets.  The 
tramwajr  afforded  incalculable  advantages,  and  it  became  an 
indispensable  feature  in  the  principal  cities  of  the  United 
States.  The  long  distances  to  be  traversed,  the  geuerallj' 
bad  condition  of  the  streets  and  roads,  and  the  comparative 
Bcarcity  of  other  vehicles,  formed  a  combination  of  circum- 
stances which  forced  the  tramway-car  into  general  use  for  all 
classes. 

Habits  were  formed,  and  the  irregalarities  of  rails  and 
roads  were  of  less  importance  than  they  had  been  felt  to  be 
in  England.     The  annexed  sectional  illnstrations.  Figs.  78,  of 


Fig*.  m.—Tma-nOM,  N«w  Tork. 
tram-rails  in  New  York,  shows  tte  f«u\«ea  nuiimftT  m'^'tA)^ 
Jfew  Yort   bum-nufe    were   propoTtionfti. — coTii«iaa%  <^- 
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Doxione  grooves  with  maBBive  eectioiiB.  An  onsophiBticated 
obBerver,  Btrnck  by  the  proportions  of  the  rails  in  New  York 
with  theii  portentoaa  groovea,  described  them  as  "  raOs 
which  have  a  sort  of  iron  gntter  attached  to  each  on  their 
inside  e^e."  The  following  are  the  leading  particulars  of 
some  tram-rails  in  New  7ork : — 


Tbak-raiu 

IN  New  Yoke. 

T«m.™il» 

WciBht 

Depth  or 

XV' 

TdUI 
WidUi. 

Nev  York  and  Haarlem  . , . , 

67 

SB 
90 
76 

61    . 

IncbH. 

1 

lacbm. 
6 

New  York,  Sec-ond  Avenas  . . 
„     Third 
„      Sixth 
„      Eighth      „ 

In  order  to  mitigate  the  inoonvenienceB  of  the  New  York 
sections  of  tram-railB,  a  different  form  of  rail — a  "  step-rail," 
as  it  may  be  called,  Fig.  79,  from  which  the  groove  was 


Fig.  78.— Tmn-nil,  PbiUdtlplila. 

banished  thongh  a  ridge  remuned — was  introduced  in  Phila- 
delphia, and  laid  in  Fifth  and  Bixth  Streets,  where  it  gave 
satisfocdon.  It  consisted  of  a  flat  plate,  6  inches  wide,  formed 
with  a  raised  ledge  or  fillet  at  one  edge,  standing  g  inch 
above  the  surface  of  the  plate,  without  any  groove.  The 
plate  was  formed  with  a  ledge  or  fillet  at  each  side,  below, 
M  into  correBponding  rebates  in  ttie  tv^^i  comen  ol  tti% 
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sleepers.  The  weight  was  46  lbs.  per  yard.  The  gaage  was 
fixed  at  5  feet  2  inches  between  the  ledges,  to  suit  the  wheels 
of  ordinary  vehicles,  which  could  rnn  on  the  lower  fiat  sur- 
face. The  type  of  tramway  thus  settled  for  Philadelphia,  in 
1855,  is  shown  in  Figs.  80  and  81. 
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Figs.  SO  and  81.— Tramwaf,  Philadelphia. 

The  rails  were  laid  on  longitudinal  sleepei^  ol^^o^  \ycv^> 
SiDcbes  wide  and  7 inches  deep,  bolted  do'Wii  upoti  VxwkS^et^^ 


146         THE    RUDIMENTS    OF    CIVIL    ENGINEERING. 

sleepers,  6  inches  wide  and  5  inches  deep,  with  iron  knees  to 
maintain  the  rails  in  gange. 

The  step-rail  is  in  general  ase  in  the  principal  cities  of  the 
United  States,  where  prohably  there  is  less  of  the  light  cab 
and  omnibus  traffic  than  prevails  in  English  cities  exposed 
to  the  action  of  the  obnoxious  step.  The  gauge  of  tramways, 
adopted  for  the  most  part  in  the  United  States,  is  4  feet 
8}  inches. 

The  modem  tramway  was  introduced  in  England  by  Mr. 
G.  F.  Train,  who,  in  1857,  made  proposals  for  laying  tram- 
ways, on  the  system  originated  in  Philadelphia,  in  some  of 
the  metropolitan  thoroughfares  and  in  a  few  provincial 
towns.  Lines  were  laid  in  a  few  places ;  but,  after  brief 
periods  of  trial,  the  lines  were  removed,  though  in  some 
places,  as  at  Birkenhead,  flat-grooved  rails  were  substituted 
for  the  step  rails. 

In  1866  and  1867,  application  was  made  to  Parliament  for 
power  to  construct  a  system  of  tramways  in  Liverpool,  for 
which  an  Act  was  obtained  in  1868.  This  was  the  first 
English  system  of  tramways  for  passenger  traffic  that  was 
authorised  by  Act  of  Parliament.  The  works  were  con- 
structed under  Mr.  George  Hopkins,  as  engineer -in-chief,  to 
a  gauge  of  4  feet  8i  inches.  The  form  of  the  rails  adopted 
in  the  original  construction  of  the  Liverpool  tramways  was 
of  a  flat-grooved  section,  such  as  had  been  found  to  answer 
satisfactorily  at  Birkenhead,  though  narrower,  weighing 
40  lbs.  per  yard,  about  1  inch  in  thickness,  and  having  a 
section  area  of  about  4  square  inches.  Bails  of  similar  but 
larger  section  were  afterwards  employed,  weighing  45  lbs. 
per  yard,  shown  in  Fig.  82.  The  rail  was  little  else  than  a 
flat  bar,  having  a  narrow  and  shallow  groove  in  its  upper 
surface,  with  a  flUet  on  lower  side,  and  bedded  on  a  longi- 
tudinal sleeper.  The  rail  was  4  inches  wide,  and  Ig  inches 
j'n  tMcknesB.  The  groove  was  formed  with  sloping  sides, 
And  was  f  inch  in  depth,  with  a  md\.\i  oi  ^  \xi<i\i  ^\.  >2si^ 
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bottom,  and  doable  the  width  at  the  aorface  of  the  rail. 
The  tread,  or  rolliag'siirface  for  the  wheels,  had  a  width  of 
abont  2  inches,  when,  of  coarse,  the  inner  edge  of  the  tread 


Fig.  81.— E»rl)f  T»ni-»Il,  LlTWiiool. 


was  at  the  half-width  of  the  rail ;  whilst  the  ledge  forming 
the  other  side  of  the  groove  was  aboat  J  inch  wide  at  the 
Bnr&ce,  and  waa  corrugated  transversely  to  prevent  slip- 
periness  for  horses.  The  rails  were  bedded  on  timber 
aleepers,  4  inches  wide  and  6  inches  deep,  and  were  fished 
with  }-inch  wrooght-iran  plates,  12  inches  long  and  4  inches 
wide,  applied  below  the  joint,  let  flush  into  the  npper  side  of 
the  sleeper.  The  joint  was  fixed  with  fonr  vertical  spikes, 
two  to  each  rail,  driven  through  the  rails,  at  the  bottom  of 
the  groove  and  the  fish-plate,  into  the  sleeper.  The  rails 
were  also  spiked  at  intervals  to  the  sleepers.  The  heads  of 
the  spikes  were  countersunk  and  let  into  the  rails  to  finish 
flash  with  the  bottom  of  the  groove.  The  combined  sleeper 
aod  rail  thus  presented,  for  the  most  part,  a  vertical  surface 
at  each  side,  against  which  paving-stones  could  be  closely 
and  evenly  laid  and  jointed,  Tbe  construction  of  the  way 
is  ahown  by  Figs,  88,  84,  85.  To  render  the  way  inde- 
pendent for  sapport,  on  uncertain  or  on  broken  ground,  the 
roadway  was  excavated  to  a  depth  of  14}  inches  for  the 
whole  width,  and  a  continaoas  bed  of  hme  concrete, 
7  inches  thick,  was  laid  for  the  whole  width  of  the  track,  as 
a  foundation,  upon  which  the  sleepers  were  placed.  The 
interspaces  between  the  sleepers  were  M\e&  n^  m'titv  ^^ti^^^S. 
to  tbe  right  J0vej  for  supporting  4-inch  cubes.  Tta  &fe«^*it* 
h2 
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were  laid  in  and  epiked  to  cast-iron  dip  chaire.  Figs.  9i 
and  85,  which  were  placed  about  4  feet  apart  longitadinally, 
and  rested  direct  on  the  con- 
cVntn  «f  Crete  fonndation.  The  gange 
"''  of  the  rails  was  fixed  by  bar- 
iron  cross  ties,  li  inches  deep 
by  i  inch  thick,  the  ends  of 
which  were  dovetailed  into 
grooves  east  intbe  inner  sides 
ofthechaira.  The  chairs  were 
6  inches  wide  at  the  joints  of 
the  sleepers,  and  3  inches  in- 
termedifttety.      The  roadway 

S     /        ''    , I    '    I  ^"^  nearly  all  of  macadam, 

9    A         i  I    '    1  B°^  ^c  materials  for  tha  con- 

U    I  'g     i   I    '  "^t^  ^era   taken    from  the 

^     I  '^  t?\    I  macadam  which  was  lifted  to 

^*    I  make  room  for  the  line  ;  whilst 

]       ^-  the  whole  of  the  sarface  be- 

tween the  rails,  and  for  awidth 
\    M  j  of  18  inches  beyond  the  outer 

1     M      ;  I  sides  of  the  rails,  was  paved 

»*'T™  — (  ^jlj,    \yg]gh    granite    sets — 

4-inch  cnbesbetween  the  rails, 
and  sets  of  6  inches  in  depth 
for  the  onter  18-incb  spaces. 
The  onter  width,  18  inches, 
was  provided  in  the  Act,  and 
it  defined  the  marginal  boon- 
daries  of  the  brettdth  of  road- 
way to  be  maintained  by  the 
tramway  company.  That 
width  was,  and  is  now,  ao- 
captad  tts  a  &ir  compromiBS  ;  and,  a&ya  Mi.  J.  Morris,  "  it 
tfcva  fairly  repreeeat  the  extent  oi  f omWAft  u^'orj  v^bii^^a^ 


I 


th«  tramway  can  do  to  the  road,  and  it  is  accepted  univer- 
sally on  the  Continent,  and  almost  universally  in  America, 
and  is  the  recognised  standard."  * 


Tig.  Si.— TrumnT,  LimpooL 

The  tramwaye  of  Constantinople,  of  which  M.  Lebout  was 
the  engineer,  were  constrncted  with  the  pattern  of  grooved  rail, 
weighing 461bs.  per  yard, 
employed  in  the  Paris 
tramways,  fastened  as  in 
Fig.  86.  The  rails  were 
bolted  to  longitndinal 
sleepers,  as  in  Fig.  87. 
laid  on  a  bed  of  sand  Fi,  tt-PtanofCUk««im 

8  inches  deep,  spread  on  the  bottom  of  the  excavation.     The 


Fig,  aa.—Taxanj,  Conitanlinople, 

longitudinal  sleepers  were  connected  by  lOTmA.  vcQTi'iivi^>t<^%, 
'  ^V^/  o//4f  SeUel  CommtU*  on  IVomwoji  BiU,\W*- 
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vbich  were  paased  thioagh  them. 
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and  were  screwed  np  by 
nats  at  both  sides  of  the 
keepers,  as  Bbown  in  the 
section  of  the  way,  Fig.  86. 
Streets  in  Constantinople, 
from  18  feet  to  23  feet 
ide,  were  paved  across  the 
whole  of  the  way,  as  shown 
in  Fig.  88. 
The  total  lengths  of  streets 
traversed  by  tramways,  in  the  United  Kingdom,  on  June  90, 
1876,  were  as  follows : — 

MilM. 

England  and  Wales 13222 

Scotluiil 41-30 

Ireland 35-09 

Total      ....    ifleei 

The  section  of  tramway 
^  employed  by  Mr.  G.  Hop- 
kins in  the  reconstruction 
of  the  North  Metropolitan 
Tramwaj-s,  in  1877,  is 
shown  in  Fig.  89.  Th« 
pre-existing  foundation  of 
conorote  was  partly  re- 
newed by  the  excavation, 
under  each  sleeper,  of  a 
shallow  trough  in  the  Con- 
or 7  inches  wide.  This  trough  was 
a  which  the  longitudinal  sleepers 
were  embedded  to  a  depth  of  half  an  inch.  The  sleepers  are 
i  inches  wide  and  6  inches  deep,  rebated  at  the  npperside  to 
fit  to  the  rail.  They  are  bedded  at  the  joints  on  plates  of  fir, 
S  inobea  wide  and  2  inches  thick,  let  into  the  foundation. 
TJte  raila  are  of  steel,  weighiDg  60  \ba.  '^i  ^bi4,    T^wj  m* 
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Crete,  1}  inches  deep  and  6 
filled  with  fine  concrete,  i 
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8{  inches  in  width  at  the  Horface,  2)  inches  deep  over  the 
flanges,  and  lA  >Qch  thick.  The  groove  la  li  inch  wide 
and  }  inch  deep,  leaving  only  A  h^^^  o^  metal  helow  the 
groove.  The  tread  is  2  inches  wide,  and  it  is  very  slightly 
rotmded.  The  flanges  are  f  inch  thick  at  the  edge.  Each 
nil,  of  24  feet  in  length,  is  fastened  by  25  staples,  placed  at 
a  pitch  of  2  feet  7  inches  at  each  side,  except  at  the  ends, 
where  there  are  two  pairs  of  staples. 


Fig.  8B.~NarUi  UctropoUtaD  TnDIiniT. 

The  Glasgow  Corporation  tramways,  constincted  in  1874-75, 
afford  an  ezoeUent  example  of  combined  wood  and  iron  for 
the  way,  Fig.  90.  The  ways  were  laid  to  a  gauge  of  4  feet 
7}  inches,  with  an  interspace  of  8  feet  11^  inches  between 
the  two  lines ;  whilst  the  paving  was  extended  for  a  width 
of  18  inches  at  each  outer  side.  The  total  width  for  a  double 
line  was  made  np  thus — 

Feat  Indm. 
Two  widths  of  gauge    ....    9  3J 

Interapace 3  11} 

Two  strips  of  pavement         ...     3  0 

FonrbaU-widtluof  railftj"  X  4=-1    •    (i  '\\ 
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For  a  double  line,  the  roadway  was  excavated  for  a  width 
of  17  feet,  to  a  aniform  depth  of  12^  inches  below  the 
intended  level  of  the  rails.  The  rails  were  of  wroaght  iron, 
and  weighed  60  lbs.  per  yard.  They  were  rolled  in  lengths 
of  24  feet,  with  aboat  6  per  cent,  of  the  total  quantity  in 
shorter  lengths.  They  ai'e  S|  inches  wide  and  l^g-  inch  thick. 
The  rolling  surface,  which  is  slightly  rounded,  is  If  inches 
wide,  the  groove  is  1^  inches  wide,  and  the  flange  at  the  inner 
side  is  j  inch  wide  The  groove  is  formed  with  a  flat  floor, 
and  is  only  H  inch  deep,  having  a  }  inch  thickness  of  metal 
below  it.     The  longitudinal  sleepers  or  beams  are  of  Baltic 


FS^.  90. — OUosov  Corpomtion  Tiamiray. 

red  timber,  4  inches  wide  and  C  inches  deep.  Each  24-feet 
rail  is  fastened  to  the  beams  by  20  side  staples.  The  trans- 
verse sleepers,  under  the  longitudinals,  are  8  feet  long  aud 
4  inches  deep  ;  6  inches  in  width,  except  at  the  joints,  where 
they  are  7  inches  wide.  All  the  timber  was  creosotod  to  the 
extent  of  10  lbs.  of  creosote  per  cubic  foot.  The  longitudinal 
beams  rest  in  cast-iron  chairs  spiked  to  the  sleepers.  The 
spaces  between  the  sleepers  were  filled  with  concrete.  The 
paving  sets  were  laid  on  a  l-inch  layer  of  sand,  and  were 
groateH  vrith  a  mixture  of  bitumen  and  pitch-oil. 
Tie  "inner  circle  "  of  the  Iiverpoo\  ltB.1a1iB.7a  was  relaid 
»  1877-8  on  the  system  of  Mr.  G.  Y .  ■Dfiocciii,  'fib.ft  toxw^ 
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engineer  at  the  time.  The  leading  feature  of  the  syEtem, 
Fig.  91,  is  the  method  of  fastening  the  rail  to  the  longitu- 
dinal sleeper  and  the  fonndation  of  concrete  by  means  of  a 
central  bolt.  The  groove  is  formed  centrally  in  the  rail, 
which  affords  a  bearing  over  its  whole  width  for  wheels 
eorrespondingly  formed,  with  a  central  flange.  On  the 
bottom,  a  fonndation  of  concrete,  made  with  Portland  cement, 
7  inches  deep,  was  laid  for  the  whole  width  of  the  street, 

»nd    finished    with    a    perfectly 

smooth  anrfaoe.    The  longitudinal 

timber   sleepers    are   8^    mches 

wide  and  6}  inches  deep     The 

rails  are  of  Bessemer  steel,  weigh 

ing   61  lbs.   per  yard,  rolled  m 

lengths  of  24  feet  2  inches,  with 

shorter  lengths.      They  are  9^ 

inches  wide,  and  8^  inches  deep 

over  the  flanges.     The  groove  is 

in  the  middle  of  the  npper  surface, 

1  inch  wide  and  H   inch  deep. 

The   npper  besring  surfaces  are 

each   li    inched  wide — together, 

2i  inches.     The  nuls  are  bedded 

with   coal   tar   on    the    sleepers, 

and    are   fastened    by    means   of      Kg.  M-"T.n»ol  T»m™r. 

central  j-inch  bolts,  each  of  which  is  formed  with  an  eye  at 

the  npper  end,  which  embraces  a  j-iucb  round  iron  cross 

pin,  passed  horizontally  through  holes  in  the  side  flanges  of 

the  nils.     The  bolt  passes  down  through  the  sleeper,  and 

nearly  through  the  stratum  of  concrete,  and  ia  formed  with  a 

head  at  the  lower  end,  which  takes  a  beariog  upon  a  round 

caet-iron  plate  or  washer  6  inches  in  diameter,  which,  with 

the  lower  portion  of  bolt,  is  embedded  in  the  concrete.     The 

bolt  is  adJDstable  in  length  by  means  ot  «.  T\^^.■«.1l%.^.«l^ 
■  btuided  double  nat.     The  paving-aeta  fttfitioml  NnlV^^"^*-* 
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deep,  laid  on  a  i-inch  bed  of  sand ;  except  the  sets  next  the 
rails,  which  conBist  of  the  most  durable  stone, — the  hardest 


granite,  or  cot 

Mr,  James  Livesey, 


trap. 

early  as  in  1869,  advocated  the  nse 
of  an  iron  sabstmctDre  for  tram- 
nays,  combining  a  rail  having 
side  flanges,  with  cast-iron  stools 
placed  at  intervals.  As  applied  in 
the  city  of  Bnenos  Ayres,  two 
kinds  of  this  syBtcm  are  shown  in 
Figs.  92  to  S6.  The  steel  groove- 
1^.  w.-iJT«.r.Tr«mw.y.  ^ail,  Figs.  92  to  9i,  was  employed 
for  the  City  lines.    It  weighed  40  lbs.  per  yard.  It  is  Scinches 


Fiff.  93.— Ln««r'i  W«7. 

wide.      The  sapporting  stools  are    8   feet  apart,    fixed   in 


Fig.  M.— LiTCMT**  Tnm-nil. 

aonp/es  on  wroaght-iion  base  plales.     Tte  i«\  \ii  dovetailed 
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over  tbe  stool,  to  which  it  is  keyed.    The  second  kind  of 
tramway.  Fig.  86,  used  in  the  sDburb&n  dietricts  of  Bnenoe 


Ayres,  has  a  flanged  or  Yignoles  rail,  fixed  by  hook-bolts  and 
□uts  to  cast-iron  stools. 


Hr.  W.  J.  Cockborn-Uuir's  system  of  iron  way,  which  he 
calk  the  "  block-sleeper  system,"  in  which  t\i«  w.'i  vi  »s^- 
poHed  OB  cast-iron  stools  or  blocks,  »  Aio^ii. "vQ.  Y^:^*.  "*& 
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to  98.  The  rails  are  of  vroaght  iron,  haviag  a  middle  ver- 
tical web  on  the  under  side.  They  are  8  inches  wide,  and 
weigh  80  lbs.  per  yard.  The 
sleepers  are  caat-iron  blocks,  rect- 
~\.  angular,  hollow,  open  at  the  base, 
and  ribbed  interiorly.  They  are 
about  Hi  inches  long,  7i  inches 

2  feet  6i  inches  apart  between  centres,  and  tied  transversely. 
The  system  has  been  adopted  for  the  tramways  of  Monte 
Video  and  elsewhere. 

Bansomes,  Deas,  and  Rapier's  system.  Figs.  99.  100 — a 


iBETfflm 


,  Eapiei'B  Tnunnsy. 


cast-iron  way  laid  on  concrete — was  laid  in  1870  at  Glasgow 
harbour.     It  has  stood  the  traffic  satisfactorily. 

Mr.  Joseph  Eincaid's  iron  way  has  been  extensively  laid 
in  England.     Side-flanged  rails  are  faat- 

\, i^: ^        cned  to  cast-iron  chairs  placed  at  8  feet 

■MK^j^HH  y  apart  between  centres  by  means  of  staples 
I  ^^^  I  I  at  each  side.  The  staples  penetrate  into 
I  1$   hard-wood  plugs  let  into  the  chairs.    For 

I     /^  ^\    I   I    the  Bristol  tramways,  the  rails  were  of 
—     Fi    lon^^       wronght-iron,  weighing  43  lbs.  per  yard  ; 
Eansorae's'itain-niii.     for  the  Leicester  tramways  they  were  of 
Siemens  steel,  47  lbs.  per  yard.     In  the  more  recent  deve- 
lopment of  the  system,  for  the  Salford  Corjioration  Tramways, 
Figs.  101  to  103,  the  rails,  of  iron,  weigh  60  lbs.  per  yard  ; 
j!A<y  are  8^  incbea  wide,  and  are  ZJ  inches  deep,  with  a  maxi- 
rnuai  tbieknesB  of  Ij  inches.    The  tteai,  ot  To\\\tt%  *\»\as.%. 
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IS  1}  tneheawide  ;  it  is  flat  and  inclined,  so  that  at  the  centre 
of  tb«  rail  it  is  i  inch  higher  than  at  the  Bide.  Car-wheels, 
Muueqnently,  take  their  bearings  on  the  middle  or  centre 


Tig  101  — EicmM  >  TnjDVBy 

line  of  the  rad     The  pavxng  consists  of  granite  seta,  6  inches 
deep,  laid  on  a  bed  of  sand  2  inches  thick. 


-^-^ 

^  \        /   / 

1         n 
iLJ! 

^ ' 

Fig.  IW.— Klocaid'a  Choir. 

Barker's  way  has  been  laid  in  Manchester.  The  peculiar 
features  of  this  system  are  the  longitudinal  cast-iron  sleepers, 
which  afl'ord  a  continaoae  bearing  for  \lie  laJi  «ai  iot  "Oos. 
atf/oiamg  paving  sets;  and  the  groovfti  T«a,  ot  -wNnsiVCBa 
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lower  enr&ca  ia  indented  loDgitndiuall}',  and  is  formed  with 

a  central  flange  or  web,  by  ^tbich  it  is  fastened  by  cotters  to 

the  Bleeper.    Tbe  sleeper 

nis  in  section  like  tbe  ordi- 
nary bridge-rail  ia  nse  on 
railways,  bat  it  is  of  larger 
dimensions.  The  general 
design  is  illnstrated  by 
Fig.  104,  adapted  for  conn- 
tty  lines  of  light  traffic.  For 
street  lines,  in  Manehester, 
tbe  scantlings,  as  adopted 
F,g.  i<«.-Ki=»ia-.  lua.  ^y  j^   J   H   j^y^j^^  ^ 

heavier.  Tbe  sleeper  consists  of  a  hollow  vertical  portion, 
8  inches  wide,  finbbed  with  a  solid  head,  formed  to  fit  and 
to  carry  tbe  rail ;  and  two  horizontal  flanges,  abont  4  or 
4^  inches  wide,  making  in  all  s  broad  continaoas  base 
12  i  ncbes  in  width.  The  total  height  of  the  combined  sleeper 
and  rail  is  7^  inches.  Tbe  rails  are  of  steel,  8  inches  wide, 
weighing  40  lbs.  per  yard. 


Fig.  lot.— Buket**  Tnmmr. 

In  the  Moscow  tramways,  it  appears,  the  first  employment 
of  solid  flanged  rails  of  tbe  Vignoles  pattern  was  made.  Tbe 
way,  Figs.  106  and  106,  was  designed  by  tbe  engineer. 
Colonel  Sytenko,  who  began  by  rejecting  the  grooved  rail,  and 
adopted  tbe  Vignolea  type,  laid  on  iianBvexBe  aVee'g&n.    The 
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rails  are  of  steel,  weighing  86  lb.  per  }'ard ;  they  are  made  to 
a  height  of  5  inches,  to  admit  of  the  jnxtaposition  of  paviog- 
stonea  of  sufficient  depth  above  the  sleepers.  The  paving- 
stones  next  the  ruls  at  the  inner  sides  are  cnt  to  form  a 


Vig.  100.— UoMOW  Tnmwa]'. 

groove  for  the  irheel  flanges.    The  rails  are  jointed  with 
fishplates  and  bolts  and  nnts,  as  shown  in  Pig.  106. 

Mr.  Thomas  Floyd,  abandoning  the  three-sided  or  box 
rail  with  the  longitudinsl  timber  sleeper, 
employs  a  girder  rail  of  the  form  shown  in 
Fig.  107,  having  a  flange  base  supported  on 
cross  timber  sleepers,  which  have  bevelled 
sides  tnmbling  inwards  towards  the  npper    , 
sorface.    The  rail  is  of  steel,  weighing  7111 
per    yard,  it  is   6}   inches    in  depth   and 
6  inches  wide  at  the  base.  It  is  rolled  com- 
plete with  the  groove.    A  trench  Hi  inches  ' 
in  depth  is  formed,  and  of  sufficient  width, 
varying  with  the    gange  of  the  way.     Tb< 
are  laid  on  the  bottom  at  the  dis- 
tances required.     On  these  the  rails 
are  spiked  down  to  gango,   and  are 
fished  at  the  joints.      The  sleepers 
are  then   packed  np  to  the  proper 
level    by    heater   picks,    and    con. 
Crete  is  thrown  into  the  bays  be- 
tween the  sleepers  and  brought  up 
flush   with    them.       The    Croydon    ^— -  ^^ 

tramways  and  the  Cambridge  tram-  ^iff- '«.-Fio,d'.T™BX-™i. 
ways  have  been  constructed  by  Mr,  Floyi  on  ftva  wjiVATii, 
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and  he  contemplates  the  adoption  of  the  same  system  for 
the  Woolwich  tramways  and  the  Northampton  tramways. 

In  the  matter  of  the  paving  for  the  Croydon  and  the 
Cambridge  tramways,  asphaltic  pavement  has  been  laid  at 
both  places  for  the  sake  of  freedom  from  the  noise 
of  horses'  feet.  Mr.  Floyd  proposed  the  paving 
of  granite  sets,  but  he  was  overruled  by  the  local 
antborities  in  each  instance.  The  paving  is  a 
spectea  of  asphaltio  macadam ;  the  first  layer  is 
made  with  stone  broken  to  a  S^-inch  ring-gauge. 
The  nppennost  layer  is  made  with  stones  broken 
to  a  ^  mch  or  a  1-inch  gange,  and  is  well  rolled 
in  It  IS  finally  painted  with  a  miztnre  of  boil- 
ing tar  and  mineral  pitch,  and  strewn  with  kiln- 
f  dried  sand.  After  twelve  months'  trial  of  this 
I  paving  at  Croydon,  the  results  were  so  far  sa- 
f  tisfactory  that  its  use  was  continued.  Mr.  Floyd 
"  considers  that  on  roads  where  vehicular  traffic  is 
-g  of  a  light  character,  this  kind  of  paving  may  be 
C  used  with  economy  ;  but  that  for  considerable 
3  trafiic  granite-set  paviug  is  preferable.  Taking 
J,  the  cost  for  asphalte  paving  at  one-third  of  that 
'  of  granite  paving,  in  connection  with  the  coat  for 
maintenance,  the  average  annual  cost  would  be 
^jL  .  equal      The  asphaltic  paving  is  liable  to  ooze 

jSlH         upwards  daring  very  hot  and  dry  weather,  but 

II  it  keeps  the  sabstroctare  thoroughly  dry. 

\^  Mr.   Floyd   found  that  the   cross-sleepers  aid 

materially  in  absorbing  vibration — a  matter  of 

special  importance  for    girder-rails;  and  that, 

when  snch  rails  are  laid  on  concrete,  the  greater 

the  sleepers  are  in  width  the  easier  is  the  motion 

of  the  tramcar.    The  constmotion  of  the  Cam- 

bn'dffe  Inmvay  is  shown  in  cross  section  in  Fig.  108.     The 

eleeperg  are  9  ioches  wide  by  4^  mchea  iae^,  wcA  «:t«  't^fu^ 

at  diataucea  of  4  feet  apart  between  cealiea.\ 


CHAPTER  XIII. 

CANALS. 
Of  the  General  Abranoement  of  Canals. 

Canals  are  artificial  channels  of  water,  which  have  been 
formed  for  the  purpose  of  affording  the  facilities  of  water 
conveyance  in  districts  where  no  natural  rivers  and  streams 
exist,  or  where  those  which  may  have  existed  have,  from  a 
variety  of  causes,  been  ill-adapted  for  navigable  purposes. 
And,  in  fact,  canals  possess  (generally  speaking)  so  many 
advantages  over  rivers,  that  they  have  frequently  been  con- 
structed, at  considerable  cost,  in  situations  whore  navigable 
rivers  were  already  existing.  In  many  rivers  the  existence 
of  currents  and  shoals  renders  the  navigation  difficult  and 
uncertain,  and  in  times  of  floods  and  freshets,  it  has  fre- 
quently to  be  entirely  suspended.  It  may  also  be  remarked 
that  rivers  seldom  flow  in  a  very  direct  course,  but  more 
frequently  pursue  a  winding  path,  depending  upon  the  form 
of  the  valleys  through  which  they  have  to  thread  their  way : 
in  such  situations  as  these,  the  superiority  of  canals  is  suffi- 
ciently obvious. 

In  laying  down  and  arranging  the  general  line  of  a  canal, 
many  points  have  to  be  considered  in  addition  to  those  which 
have  been  generally  mentioned,  as  appl3dng  to  them  in 
common  with  roads  and  railways,  at  the  commencement  of 
this  chapter.  One  of  the  most  desirable  points  to  be  attained 
is  a  perfectJj  level  surface  throughout  iltt  ^\io\^  ^iLWiX^.  \\» 
uf,  however,  very  aeldom  that  the  coxmtrj  \a  %o  laNwa^5i^<^ 
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as  to  allow  this  to  be  effected.  In  most  cases  it  becomes 
necessary  occasionally  to  alter  the  level  of  the  surface  of  the 
canal,  the  water  being  retained  at  the  higher  level  by  gates 
so  placed  that  the  pressure  of  the  water  against  them  keeps 
them  closed.  It  is,  however,  impossible  to  prevent  a  small 
amount  of  leakage  at  the  gates,  and  therefore  it  becomes 
necessary  to  have  the  means  of  supplying  the  upper  portion 
of  the  canal  with  water,  to  compensate  for  that  which  thus 
escapes,  as  well  as  that  which  is  necessary  (as  we  shall 
presently  explain)  to  pass  vessels  from  the  higher  to  the 
lower  level.  In  addition  to  these  two  causes  of  loss,  a 
further  waste  is  occasioned  by  the  evaporation  from  its  sur- 
face, and  the  absorption  of  the  water  by  the  ground  through 
which  it  flows.  It  is,  therefore,  an  object  of  considerable 
importance  in  the  arrangement  of  a  canal,  to  obtain  some 
natural  feeder  (as  it  is  termed)  for  the  supply  of  the  water 
thus  lost,  and  which  object  is  usually  attained  by  diverting 
some  of  the  smaller  natural  rivers  or  streams,  and  leading  as 
much  of  their  waters  as  may  be  required  to  supply  the 
highest  (technically  called  the  summit)  level  of  the  canal,  for 
that  being  properly  supplied,  the  lower  levels  will  be  fed  by 
the  water  which  escapes  from  the  upper.  Before  forming  a 
canal,  the  strata  through  which  it  will  pass  should  be  care- 
fully examined,  more  especially  with  reference  to  its  powers 
of  retaining  water,  that  is,  of  not  absorbing  it.  Many  soils, 
such  as  clean  sand,  or  gravel,  would  carry  off  the  water  so 
rapidly  as  soon  to  drain  the  canal,  and  therefore  such  strata 
should,  if  possible,  be  avoided.  Where,  however,  it  is  im- 
possible to  do  so,  the  canal  may  be  made  water-tight  by 
lining  its  sides  and  bottom  with  puddled  clay,  which  consists 
of  good  clay,  thoroughly  well  beaten  up  with  water,  or 
tempered,  and  then  mixed  with  a  certain  proportion  of  gravel, 
sand,  or  chalk.  Pure  clay  by  itself  would  not  answer,  be- 
eaase  if  at  any  time  the  water  in  the  o^nal  sunk  below  its 
ordinary  level,  the  upper  part  o£  ttie  i^uSi^e,  \)e<iOTBcm%  ^, 


would  crack ;  and  when  the  water  again  rose  it  would 
escape  through  those  cracks,  which  by  its  action  would  be 
gradaally  enlarged,  nntil  the  puddle  was  rendered  useless. 

The  form  of  seotion  of  a  canal,  that  is,  ita  width  and 
depth,  is  another  point  requiring  to  be  carefully  considered. 
This  must  depend  upon  the  size  of  the  vesBels  which  are  to 
be  conveyed  upon  it,  and  upon  the  amount  of  the  traffic  to 
be  expected.  The  sides  of  canals  are  usually  formed  with 
slopes,  of  about  two  to  one,  and,  in  some  cases,  the  upper 
parts,  near  the  water's  edge,  and  which  are  most  exposed  to 
the  ripple  produced  fay  the  passage  of  vesaels,  are  protected 
by  rough  stone  paving. 

The  following  table  exhibits  the  length  and  dimensions  of 
the  transverse  section  of  a  few  of  the  English  and  American 
canals : — 


Lfnslh 

BrMdth. 

MU,.. 

Top. 

K^. 

Ft  In 

» 

S    0 

■St 

HO 

B    0 

„ 

4    0 

sa 

4    0 

*0 

*  " 

Of  Locks  and  their  Subsiitiicks. 
We  have  already  mentioned  that,  in  cases  where  it  is 
necessary  to  alter  the  level  of  the  eai{cic&  ol  &  cKa^,  '^'b 
water  a  retained  at  the  higher  level  by  mee.Ti«  (A  %»N*a  %  »».&. 
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we  have  now  to  explain  more  in  detail  the  manner  in  which 
they  are  constructed,  as  well  as  the  means  adopted  for  pass- 
ing vessels  up  or  down  from  one  level  to  the  other. 

The  most  frequently  employed  contrivance  for  this  purpose 
is  the  common  lock,  of  which  Fig.  109  is  a  longitudinal  sec- 
tion ;  Fig.  110  a  plan  ;  Fig.  Ilia  transverse  section  through 
the  centre  of  the  lock  ;  and  Fig.  112  a  transverse  section  of 
the  canal  helow  the  lock,  showing  its  lower  entrance.  The 
upper  and  lower  portions  of  the  canal  are  connected  by  the 
passage  a  b  o,  termed  the  lock  chamber,  the  form  of  which 
will  be  seen  from  Fig.  110  ;  its  sides  and  bottom  (the  latter 
termed  the  invert,  or  floor)  are  usually  lined  with  brick  or 
stone.  The  lock  chamber  is  much  less  in  width  than  the 
canal,  being  made  only  a  little  wider  than  the  vessels  intended 
to  pass  through  it.  It  will  be  observed,  by  reference  to 
Fig.  109,  that  the  floor  of  the  upper  end  of  the  lock  chamber, 
from  D  to  s,  is  on  the  same  level  as  the  upper  portion  of  the 
canal ;  and  the  remainder,  from  f  to  o,  is  level  with  the  bottom 
of  the  lower  canal  The  gates,  by  means  of  which  the  water 
is  retained  at  the  upper  level,  are  shown  at  a  e.  Fig.  109,  and 
in  the  section.  Fig.  112 ;  they  are  slightly  curved,  as  shown 
in  the  plan.  Fig.  110.  When  opened,  they  turn  upon  their 
ends,  H  and  k,  as  centres  ;  and  they  are  of  such  a  breadth 
that,  when  shut,  they  meet  at  an  angle  at  i,  in  which 
position  each  gate  derives  support  from  the  other ;  and  the 
pressure  of  the  water  against  them  only  tends  to  keep  them 
the  more  closely  shut,  and,  consequently,  to  diminish  the 
space  through  which  it  might  otherwise  have  escaped. 

The  gates  are  opened  by  means  of  capstans,  l  and  m,  the 
chains  being  attached  to  the  gates  under  the  water,  and 
passing  through  tunnels  in  the  sides  of  the  lock.  They  are 
closed  in  a  similar  manner,  by  two  other  capstans,  n  and  o, 
the  gate  h  i  being  shut  by  means  of  the  capstan  o,  and  i^  i 
by  means  of  n. 

ADoiberpair  of  gates,  precisely  BimViax,  w^  ^\w,^\  ^Hia.^ 
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lower  end  of  the  lock,  o  a ;  they  are  carried  up  to  the  same 
level  as  the  upper  gates,  and  are  therefore  as  much  higher 
than  these  as  the  upper  canal  is  ahove  the  lower,  as  is  shown  at 
A  and  c,  Fig.  109,  and  in  the  two  sections,  Figs.  Ill  and  112. 
We  will  now  proceed  to  explain  the  mode  in  which  the 
lock  is  used ;  and  we  will  first  suppose  the  case  of  a  hoat 
requiring  to  he  raised  from  the  lower  to  the  upper  level  of 
the  canal.  The  lower  gates,  at  o,  are  first  opened,  as  shown 
in  Figs.  109  and  110,  and  the  hoat  is  floated  into  the  lock 
chamher  (the  length  of  which  should  he  a  few  feet  more 
than  that  of  the  longest  hoat  passing  along  the  canal) ;  they 
are  then  shut,  and  hrought  into  the  position  shown  hy  the 


T"rnrTTT 


LJlLLiiliJinTTFTrD 
IHIililiiili.iiii'iiu 
H-I'ill'il  liii-lilliJ 


Fig.  111. 


CanalLock. 


Kg.  11?. 


dotted  lines,  p,  q,  b,  in  Fig.  110,  which  having  heen  done, 
some  of  the  water  from  the  upper  canal  is  let  into  the  lock 
chamher,  through  chamhers  shown  at  s  and  t,  in  the  sides  of 
the  upper  part  of  the  lock,  and  which  can  he  opened  and 
closed  at  pleasure,  hy  sluices  worked  hy  machinery.  The 
water  heing  prevented  from  flowing  out,  in  consequence  of 
the  lower  gates  heing  shut,  quickly  rises  to  the  same  height 
in  the  lock  chamher  as  in  the  upper  canal,  the  hoat  rising 
with  it.  As  soon  as  such  is  the  case,  the  upper  gates  at  a 
are  opened,  and  the  hoat  is  floated  out  of  the  lock  into  the 
upper  canal.  The  reverse  operation  of  lowering  a  hoat  from 
^Iie  upper  to  the  lower  level  is  performed  in  a  similar 
manner;  the  boat  is  floated  into  the  \odsL  cVnamDa^x, \)sv^  ^uvX.^^ 
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at  A  being  opened,  and  those  at  o  closed ;  the  former  are 
then  shut,  and  the  water  in  the  lock  chamber  is  allowed  to 
nm  oat  by  channels,  u  v,  formed  at  the  lower  end  of  the 
lock,  similar  to  those  already  described  at  the  upper,  until 
level  with  the  surface  of  the  lower  canal,  when  the  gates  at 
c  are  opened,  and  the  boat  passes  out  of  the  lock. 

The  quantity  of  water  let  out  of  the  upper  canal  in  the 
passage  of  a  boat  depends  upon  the  direction  in  which  the 
boat  is  moving,  and  whether  it  finds  the  lock  filled  or  empty. 
The  following  Table  shows  all  the  cases  which  can  occur : — 


Boat  descending  . 
Boat  ascending    . 


^»°«    I  Let«  ont  of  the 
Locic^  Upper  Canal, 


{ 


FuU  . 
Empty 
'.Full  \ 
!  Empty 


And  leaves 
the  Look, 


.  None    V .  . 

1  I^ckfull 

1  LockfuU 

1  LockfuU 


\  Empty. 


:l 


Full. 


It  is  therefore  evident,  that  a  series  of  boats  following 
each  other  in  the  same  direction,  either  up  or  down,  will 
require  one  lockfull  of  water  for  every  boat  that  passes  ;  but 
if  the  boats  pass  alternately  up  and  down,  only  one  lockfull 
will  be  required  between  each  pair,  since  every  ascending 
boat  requires  a  lockfull,  and  leaves  the  look  full ;  and  every 
descending  boat  finding  the  lock  full,  does  not  require  any 
water  from  the  upper  canal. 

When  the  ground  rises  or  falls  so  rapidly  as  to  require 
several  locks  in  a  short  distance,  it  is  not  unusual  to  form 
what  is  called  a  chain  of  locks,  or  to  make  a  succession  of 
lock  chambers  immediately  contiguous  to  each  other,  the 
lower  gates  of  the  chamber  forming  the  upper  gates  of  the 
next  below  it,  as  shown  in  Fig.  118.  The  advantage  of  this 
arrangement  is  a  considerable  saving  in  i\ie  co%\i  ol  c.Qrck»Nx\yi^\r 
ing  the  locks,  ariaing  from  the  circumalauce  >i)MX.  otXtj  wj^^ 
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more  than  half  the  numher  of  gates,  with  all  the  machinery 
for  opening  and  closing  them,  is  required. 

In  some  situations,  where  the  supply  of  water  for  lockage 
is  small,  a  system  has  been  adopted  by  which  the  quantity 
required  for  this  purpose  is  much  lessened.  This  system 
consists  in  formmg  one  or  more  excavations  or  ponds  by  the 
side  of  the  lock  chamber,  with  which  they  are  connected  by 
culverts,  having  sluices,  or  valves.  The  level  of  these  ponds 
is  so  arranged  that  when  the  lock  is  full,  and  it  is  desired  to 
let  off  the  water,  so  as  to  lower  its  surface  to  the  level  of  the 
lower  canal,  instead  of  allowing  the  whole  of  the  water  to 
run  into  the  canal,  a  portion  of  it  is  run  into  the  pond,  and 


Fig.  113.— Canal  Locks. 

there  kept  until  it  is  again  desired  to  fill  the  lock  chamber, 
when,  instead  of  taking  the  whole  of  the  water  required  for 
that  purpose  from  the  upper  canal,  that  from  the  pond  is  first 
allowed  to  run  into  the  lock,  and  the  remainder  only  taken 
from  the  upper  canal. 

Canal  Aqueducts. 

In  carrying  canals  across  short  and  deep  valleys,  in  order 
to  avoid  a  succession  of  locks  which  would  be  required  if  the 
surface  of  the  canal  were  made  to  conform  to  that  of  the 
valley,  it  is  usual  to  carry  them  across  at  a  higher  level, 
through  a  water-tight  channel  formed  and  supported  upon 
arches.  Such  structures  are  termed  aqueducts,  and  in  their 
eonatraction  have  afforded  acme  &ue  opportunities  for  the 
display  of  engineering  skill. 
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Figure  114  is  an  elevation  of  a  portion  of  one  of  the  most 
celebrated  aqueducts,  that  of  Pont-y-Cysyllte,  constructed  by 
Telford,  for  the  purpose  of  carrying  the  Ellesmere  and 
Chester  Canal  across  the  valley  of  the  Dee.  It  is  upwards 
of  1000  feet  in  length,  consisting  of  nineteen  arches  of  equal 


Fig.  114.— Canal  Aqaednct, 


\m 


^r 


Tig.  116. 

span,  but  varying  in  their  height  above  the  ground.  The  three 
shown  in  elevation  in  Fig.  114,  and  in  plan  in  Fig.  115,  are  the 
highest,  being  those  which  cross  the  River  Dee  itself ;  the 
surface  of  the  canal  is  127  feet  above  the  usual  level  of  the 
water  in  the  river.  The  aqueduct  itself  is  a  ca&VVxoTi  V.tqv)l^ 
(shown  in  section  in  Fig.  116),  formed  of  p\A,\.ft^  mVJii  ^wc^^^ii^^ 

I 
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securely  bolted  together.  This  trough  is  supported  upon 
oast-irou  arches,  each  composed  of  four  ribs,  supported  upon 
piers  of  masonry.  The  towing  path  overhangs  the  water, 
being  supported  at  intervals  on  timber  pillars,  as  shown  in 
Fig.  116. 


Fig.  116.— Canal  Aqufidnct. 


Fig.  117  is  a  transverse  section  of  the  Chirk  Aqueduct, 
eiurrying  the  same  canal  across  the  valley  of  the  Creiroig,  at 
B  height  ot  70  feet  above  fhe  level  of  the  river  beneath.    It 
coagufiff  of  ten  arehes  of  equal  span,  eoiiA\xTXfi\A^  ol  m^^T^r^  \ 
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in  this  case  only  the  bottom  or  floor  of  the  canal  if  of  iron ; 
the  sides,  which  are  5  feet  6  inches  in  thickness,  being  built 
of  ashlar  masonry  backed  with  brickwork  in  cement. 

[Canals  are  classified  as  barge  canals  and  ship  canals ;  the 
former  laid  oat  for  local  or  inland  traffic,  the  latter  for 
through  traffic  from  sea  to  sea  by 
ships.  Barge  canals,  notwith- 
standing the  competition  of  rail- 
ways, appear  to  hold  their  place 
in  the  system  of  inland  trans- 
port of  goods  and  minerals,  par- 
ticularly in  the  United  States  and 
in  Canada,  where  canal  exten- 
sions are  made.  Even  in  rail- 
way-ridden England  the  Bir- 
mingham, Grand  Junction,  and 
other  canals  appear  to  carry  on 
as  brisk  a  trade  as  ever.  But 
it  is   not  likely   that  they  will 

be  extended  in  competition  with  railways;  for  they  are 
neither  quick  nor  altogether  certain  in  the  matter  of 
water  supply,  particularly  in  dry  seasons  ;  nor  in  severe 
winter  weather,  when  the  traffic  is  liable  to  be  inter- 
rupted by  ice.  Such  objections  do  not  apply  in  the  same 
degree  to  ship  canals,  of  which  the  low-level  canals  receive 
their  supply  from  the  sea,  and  which  cannot,  at  least 
in  temperate  climates,  be  frozen  over ;  whilst  ship  canals 
generally  command  a  monopoly  of  traffic  in  affi)rding  short 
and  sheltered  passages  for  sea-borne  vessels. 

Baboe  Canals. 

According  to  the   section  generally  adopted  for  barge 
canals,  they  are  constructed  with  a  widtii  of  iiOTSi  ^^  l<b^ 
io  40  feei,  and  are  £rom  4k  to  B  feet  in  dep^.    '^^^•bTi  loxoiA^ 

i2 


Fig.  117.~Ganal  Aqneduct. 
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in  a  retentive  soil,  they  are  made  as  shown  in  section  in 
Fig.  118,  having  a  towing-path  at  one  side  ;  hut  when  the 
soil  is  porous,  clay  puddle  is  introduced,  as  shown  in  Fig.  119. 
That  there  should  he  no  material  augmentation  of  the  resist- 
ance of  a  hoat,  heyond  the  normal  resistance  in  open  water, 
the  hreadth  at  the  hottom  should  he  at  least  twice  the 
greatest  hreadth  of  the  hoat,  the  depth  should  he  at  least 
18  inches  more  than  the  draught,  and  the  sectional  area  of 
waterway  should  he  at  least  six  times  the  greatest  midship 
section  of  the  hoat. 


Fig.  118.— Canal. 


Locks  on  harge  canals  in  England  have  a  width  of  8  feet, 
and  they  are  from  70  to  80  feet  in  length,  with  a  lift  ordi- 
narily of  8  feet. 


Fig.  119.- Canal. 

Inclined  planes,  which  possess  the  advantage  of  economis- 
ing water,  were  adopted  in  1789  on  the  Ketling  Canal,  in 
Shropshire.  One  of  these  inclines  is  600  yards  in  length,  with 
a  rise  of  126  feet ;  another  rises  207  feet  in  a  length  of  850 
yards.  The  hoats,  which  carry  ahout  5  tons  each,  are 
drawn  hy  machinery  on  a  railway  laid  on  the  incline. 

Mr.  Douglas,  of  New  York,  constructed  the  Morris  Canal, 
in  the  United  States,  hetween  the  rivers  Hadson  and  Dela- 
ware, with  28  inclined  planes,  having  gradients  of  ahout  1  in 
10,  with  lifts  averaging  58  feet.  The  hoats,  with  their  load, 
weighed  50  tons,  and  after  having  heen  groonded  on  a  car- 
^''!u^e,  ibejr  were  raised  by  ipraieT-po^et  u^  \)Ei«  VxK^Xm^^  ^S^o. 
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ease  and  expedition.  The  length  of  the  canal  is  101  miles, 
and  the  total  rise  and  fall  is  1,557  feet,  of  which  228  feet 
are  effected  by  means  of  locks,  and  the  remaining  1,884  feet 
by  inclined  planes.  Slightly  bnilt  boats  80  feet  long  are 
liable  to  injury  by  straining  while  resting  on  the  cradle  ;  but 
this  objection  has,  to  some  extent  at  least,  been  overcome  by 
Mr.  Leslie  and  Mr.  Bateman  on  the  Monkland  Canal,  where 
the  boats  are  not  wholly  grounded  on  the  carriage,  but  are 
floated  and  transported  in  a  carriage  of  boiler-plate  contain- 
ing 2  feet  of  water.  This  inclined  plane  is  96  feet  in  height 
to  a  gradient  of  1  in  10,  and  is  worked  by  two  25  horse- 
power steam-engines.  The  maximum  weight  raised  is  80  tons, 
and  the  transit  is  effected  in  ten  minutes.  The  average 
total  number  of  boats  passed  over  the  incline  is  about 
7,600  per  year. 

The  most  recently  constructed  lift  for  canal  boats  is  that 
designed  by  Mr.  E.  L.  Williams,  jun.,  for  establishing  a 
means  of  communication  between  the  river  Weaver  and  the 
Trent  and  Mersey  Canal  at  Anderton.  The  canal,  which  for 
some  miles  runs  parallel  and  close  to  the  river,  is  on  the  top 
of  a  bank,  whilst  the  river  runs  at  the  bottom,  at  a  level  of 
50  feet  4  inches  below  that  of  the  canal.  There  is  an  island 
in  the  Anderton  basin  of  the  Weaver,  which  was  fixed  upon  as 
the  site  of  the  lift.  There  is  also  a  basin  of  the  canal,  from 
which  the  water  of  the  canal  is  carried  in  a  wrought-iron 
aqueduct  at  the  level,  across  an  arm  of  the  river,  to  the  end 
of  the  lift-pit  on  the  island,  where  the  boats  are  lifted  and 
lowered  between  the  end  of  the  aqueduct  and  a  cutting  from 
the  main  river  into  the  island.  The  aqueduct  is  of  wrought 
iron,  84  feet  4  inches  wide,  8^^  feet  deep,  divided  longitudi- 
nally into  two  channels  by  a  central  web,  and  carrying 
5i  feet  of  water.  Each  end  of  the  aqueduct  is  fitted  with 
wrought-iron  balanced  lifting-gates  for  controlling  the  ingress 
and  egress  of  barges.  The  lift  is  double,  «xi^\^^\^^%<^^  ^\^ 
raiaed  or  lowered  while  floating  in  a  box  ox  ^»TO^^^  Vo^  ^"^ 
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water :  so  arranged  that  one  trongb  containiDg  barges,  in 
coming  down  to  the  river,  assists  in  lifting  barges  in  the 
other  trough  up  to  the  canal.     The  troughs  are  75  feet  long 
and  15i  feet  wide,  holding  5  feet  of  water — long  enough  to 
hold  the  largest  barges  that  can  be  used  on  the  canal,  and 
wide  enough  to  hold  one  of  the  largest  barges  carrying  from 
80  to  100  tons,  or  two  of  the  small  ordinary  barges  carrying 
from  80  to  40  tons.     Each  trough  is  attached  to  the  head  of 
a  vertical  cast-iron  hydraulic  ram,  8  feet  in  diameter,  by 
means  of  which  it  is  raised  and  lowered.     The  gross  load  on 
one  ram,  comprising  the  weight  of  one  trough,  with  water 
and  barges,  amounts  to  240  tons,  equivalent  to  a  pressure  of 
4i  cwt.  per  square  inch  of  the  area  of  the  ram.     The  presses 
are  below  the  bottom  of  the  lift- pit,  within  cast-iron  cylinders 
sunk  to  a  depth  of  70  feet.     An  accumulator  assists  in  work- 
ing the  lift,  having  a  21 -inch  ram,  with  a  stroke  of  18|  feet, 
and  a  capacity  equal  to  that  of  one  of  the  main  rams  for  a 
stroke  of  4^  feet.     Besides  being  worked  as  a  double  lift, 
each  trough  can  be  lifted  separately  by  the  engine  and  the 
accumulator — an   operation   requiring  half    an  hour.     But 
when  the  two  lifts  work  in  conjunction,  the  operation  of 
raising  and  lowering  simultaneously  occupies  from  2i   to 
8  minutes.    The  motive  power  is  of  two  kinds.   First,  eleven- 
twelfths  of  the  entire  lift  is  performed  by  using  a  layer  of 
water,  6  inches  deep,  from  the  upper  trough ;  second,  the 
remaining  twelfth  is  supplied  by  engine-power,  by  which 
water  is  continually  pumped   into   the  accumulator.      By 
means  of  these  combinations,  an  economy  of  time,  water,  and 
attendance  is  effected.     But  it  so  happens  that  the  descend- 
ing loads  are  so  much  greater  than  the  ascending  loads,  that 
in  practice  there  is  no  loss  of  water  from  the  canal.     The 
lift  was  opened  for  regular  duty  in  July,  1875.     The  system 
poBBBBBBB  two  obviously  good  features.     The  barges  are 
maiDiAiDed  in  a  state  of  floatation,  aiivd  \l  ya  impossible  for 
Amj^  awnen,  boweyer  rotten  ibe  bargi^BxaK^  \)^,Vi  ^«^  'Csi-iX. 
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they  had  been  damaged.  Again,  chains  are  entirely  dis- 
pensed with,  as  the  lift  is  performed  entirely  by  the  direct 
action  of  the  press.  The  cost  of  the  ironwork  and  machinery 
was  £29,463 ;  foundations,  basins,  and  approaches,  £18,965 ; 
together,  £48,428.  The  contract  for  the  ironwork  was  let 
in  1872,  when  maximum  prices  prevailed.  In  full  operation, 
the  working  expenses  amount  to  £15  per  week;  adding 
10  per  cent,  of  the  prime  cost,  £93  per  week,  makes  a  total 
of  £108  per  week.  The  lift  is  capable  of  transferring 
16  barges  per  hour — 8  up  and  8  down — equivalent  to  a  total  of 
960  barges  transferred  per  week.  The  laden  barges  average 
about  25  tons  burden  each,  making  12,000  tons  per  week, 
giving  as  the  average  working  cost  2'16d.  per  ton. 

The  rapidity  of  performance  of  the  lift,  by  which  in  eight 
minutes  two  barges  can  be  transferred  from  the  river  to  the 
canal,  and  two  others  from  the  canal  to  the  river,  is  illustrated 
by  comparison  with  the  operations  at  a  flight  of  locks  on  the 
canal  at  Buncom,  where  it  requires  from  1^  to  1^  hours  for 
a  barge  to  pass  through  the  locks.* 

A  sufficient  number  of  waste- weirs,  for  the  discharge  of 
surplus  water  accumulating  during  floods,  are  required  on 
canals.  Wherever  the  canal  crosses  a  stream,  and  at  other 
points  where  the  canal  is  liable  to  influx,  waste-weirs  should 
be  provided,  with  courses  for  discharge  of  the  water  into  the 
nearest  streams.  Waste-weirs  are  placed  at  the  top  water 
levels,  so  that  when  a  flood  occurs  the  water  overflows 
directly,  and  the  banks  of  the  canal  are  relieved.  If  suit- 
able exits  be  not  provided,  the  banks  may  be  breached,  the 
tow-path  may  be  flooded,  adjoining  lands  may  be  damaged, 
and  the  traffic  may  be  arrested. 

Stop-gates  are  necessary  at  short  intervals  of  a  few  miles, 
for  the  purpose  of  dividing  the  canal  into  isolated  reaches,  in 

*  See  a  paper  on  **  Hydraulic  Canal  Lift  at  AndertoD,  on  the  river 
Weaver."  Bj  8.  Daer.  Froeeedingi  of  iht  Inatitution  oj  Cw\l  EfAqxutwr \a 
roL  xlv„p.  107.  ^ 
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order  that,  in  the  event  of  a  breach,  the  gates  may  be  cloged 
on  the  defective  portion  and  the  water  rnn  off  from  that  part, 
for  the  execution  of  repairs,  whether  special  or  general. 
Stop-gates  may  be  constmcted  simply  of  thick  planks,  which 
are  slipped  into  grooves  formed  at  thoee  narrow  parts  of  the 
canal  which  occur  nnder  wood  bridges,  or  at  contractions 
made  at  intermediate  points  to  receive  them.  Mr.  D.  Ste- 
venson instances  an  example  of  the  valne  of  stop-gates  in 
obviating  serions  accidents.  The  water  during  a  heavy 
flood  flowed  over  the  towing-path  of  the  Union  Canal,  con- 
uecting  Edinburgh  and  Glasgow,  near  the  end  of  an  aqae- 
duct  which  adjoined  a  high  embankment.     The  uncoDtrolled 


_/^--. 
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current  carried  away  the  embankment  and  the  soil  on  which 
it  rested,  to  a  depth  of  80  feet  below  the  top  water-level.  The 
stop-gates  were  promptly  applied,  and  the  overflow  and  the 
consequeut  damage  were  confined  to  a  short  reach  of  a  few 
miles. 

For  the  purpose  of  dnuning  off  the  water  to  admit  of 
repairs  after  the  stop-gates  have  been  closed,  "  off-lets,"  or 
discharge -pipes,  are  placed  at  the  bottom  of  the  canal,  fitted 
with  valves,  which  can  be  opened  or  closed  when  required. 
Off-lets  are  generally  found  at  aqueducts  or  bridges  crossing 
rivere,  where  the  water  may  be  run  off  into  the  stream. 
Tie  tow-p&tb  aboald  be  made  with  a  geutle  inclination 
doffnifarde  6'oin   the  caoal  towaids  tihb\im&T  v,3a,  iot  "Cii^ 
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purpose  of  drainage,  and  also  to  enable  the  horses  better  to 
resist  the  oblique  pull  of  the  boats.  The  drainage  of  the 
tow-path  should  be  carried  to  a  sky-drain,  as  in  Fig.  120,  and 
at  intervals  passed  below  the  path  to  the  canal. 

The  protection  of  the  banks  at  the  water-line  is  a  matter 
of  importance,  as  the  washing,  or  waves,  created  by  passing 
boats  extends  9  inches  or  12  inches  above  and  below  the 
still  water-line.  **  Pitching ''  with  stones  or  facing  with 
brushwood  is  applied,  as  indicated  in  the  figure.  The  latter 
system  forms  an  economical  and  effectual  protection. 

Ship  Canals. 

The  Caledonian  Canal  was  constructed  through  the  **  Great 
Caledonian  Glen,'*  to  supersede  the  coasting  voyage  by  the 
north  of  Scotland,  through  the  stormy  Pentland  Firth.  The 
district  embraces  a  chain  of  fresh-water  lakes,  which  are 
connected  by  reaches  of  canal.  It  was  constructed  20  feet 
deep,  120  feet  wide  at  the  top,  and  50  feet  at  the  bottom ; 
but  the  working  depth  has  recently  been  given  by  Mr.  D. 
Stevenson  as  18  feet.  The  caual  is  capable  of  transporting 
vessels  160  feet  in  length,  88  feet  beam,  with  a  draught  of 
17  feet.  The  total  length  of  the  passage  is  60^  miles,  of 
which  28  miles  consist  of  artificial  canal,  and  the  remainder 
of  lake  navigation.  The  summit  level  at  Laggan  is  102  feet 
above  the  level  of  neap  tides,  and  is  reached  by  means  of 
26  locks — 18  locks  on  either  side — Shaving  a  lift  of  8  feet. 
The  locks  are  170  feet  long  and  40  feet  wide.  The  cost  of 
the  canal  amounted  to  a  million  sterling.  The  caual  was 
opened  in  1828. 

The  Languedoc  Canal,  by  a  short  passage  of  148  miles, 
saves  a  sea  voyage  of  2,000  miles  by  the  Straits  of 
Gibraltar.  By  the  Forth  and  Clyde  Canal,  making  85  miles 
of  inland  navigation,  sea-borne  vessels  may  be  passed  acroc^^ 
Scotland,  The  Crinan  Canal  substiixiteB  a  dioi\i  \x^»si\  tc^q^a 
across  the  Mall  ofKantyre  for  a  sea  voyage  ol  1Q  ni'^e^  x^^xA. 

i8 
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The  Amsterdam  Canal,  15^^  miles  long,  was  constrncted 
between  Amsterdam  and  the  North  Sea,  throngh  the  Wyker 
Meer.  The  canal  passes  from  the  North  Sea  by  a  deep  cut- 
ting through  a  broad  belt  of  sand  hills,  which  protect  the 
north  coast  of  Holland  from  the  inroads  of  the  sea,  and  then 
enters  the  Wyker  Meer  and  other  tracts  of  tide-covered  land, 
whence  it  reaches  Amsterdam.  The  material  excavated  from 
the  cuttings  was  deposited  so  as  to  form  two  banks  448  feet 
apart,  through  the  lakes  on  each  side  of  the  main  channel, 
thereby  leading  to  the  reclamation  of  12,000  acres  of  land. 
To  provide  for  the  drainage  of  the  land,  the  Canal  Company 
are  bound  to  maintain  the  surface  of  the  water  in  the  canal 
1  foot  6  inches  below  the  average  high-water  level.  For  this 
purpose  large  pumps,  worked  by  engines  of  180  horse-power, 
andjcapable  of  discharging  2,700  tons  of  water  per  minute, 
are  used.  A  sufficient  barrier  is  provided  against  the  sea  at 
each  end :  the  sea  level  at  high  water  being  occasionally 
several  feet  above  the  level  of  the  canal.  The  entrance- 
locks  at  each  end  of  the  canal  are  for  the  purpose  of  locking 
downwards,  not  upwards.  They  have  three  passages  for 
vessels,  of  which  the  central  passage  is  60  feet  wide  and 
890  feet  long,  and  is  furnished  with  two  pairs  of  gates  at  each 
end,  pointing  in  opposite  directions,  and  one  pair  at  the 
centre.  The  gates  pointing  seawards  are  of  cast-iron,  the 
others,  pointing  inwards,  are  of  wood. 

There  is  but  one  ship-canal — the  Suez  Canal — free  from 

locks,  and  communicating  freely  with  the  sea  at  each  end, 

connecting  the  Mediterranean  Sea  with  the  Red  Sea.     It  is  a 

short  cut,  88  miles  long,  by  means  of  which  the  communioa 

tion  between  Western  Europe  and  India  has  been  reduced  it 

length  from  11,879  miles,  by  the  Cape  of  Good  Hope,  tr 

7,628  miles.     Of  the  whole  length,  88  miles,  66  miles  arc 

Bctuul  eanal  formed  by  cuttings,  14  miles  have  been  made  by 

dre^^ng  ibrongb  the  lakes,  and  8  imiea  did.  ivot  require  any 

-^f^foais,  as  ibe  BAtaral  depth  waa  eqriQl  to  VbaNi  qI  V!cl^  ^v(v^« 
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The  ehannel  was  excavated  partly  by  dredging,  and  partly 
by  hand  labour,  the  stuff  being  deposited 
on  each  aide  to  form  banks.  The  canal, 
shown  in  section,  Fig.  121,  is  72  feet 
wide,  bounded  by  slopes  of  2^  to  1,  then  . 
K  berme  of  60  feet  on  each  side,  a&d  slopes 
of  8  to  1  and  6  to  1,  so  ae  to  form  a  flat 
beach,  on  which  it  was  anticipated  that 
the  wave  from  passing  vesseU  could  ex- 
pend itself  without  injury  to  the  banks. 
The  canal  is  capable  of  receiving  vessels 
400  feet  long,  of  60  feet  beam,  and 
25  feet  draught.  The  water,  which  was 
at  one  time  noted  for  its  extreme  aalt- 
nees,  is  gradnally  losing  this  character' 
istic,  no  doubt  because  the  salt  deposits 
in  the  Bitter  Lakes  are  gradually  melting 
away.  The  shores  of  the  canal  are 
[1879]  in  course  of  being  faced  with 
stones,  to  preserve  the  banks  from  the 
action  of  waves.  The  canal  is  affected 
t^  the  sandstorms  which  at  certain  times 
of  the  year  prevail.  As  the  steamer  jogs 
quietly  along,  at  the  regulation  speed  of 
5'80  knots  an  hour,  all  at  once  one  per- 
ceives whirlwiud  after  whirlwind,  in  quick 
BUGcessioD,  sweeping  over  the  desert,  their 
presence  indicated  by  a  column  of  sand 
rising  far  into  the  air  and  darkening  the 
sky.  Ocoasionally  one  of  these  sand- 
storms crosses  the  canal  and  discharges 
clonds  of  dust  into  it,  coating  the  pass- 
ing vessel  with  sand  more  than  an  inch 
thick.  By  the  work  ot  dredging  the  cftTisi  W  uvt«i^^«Rft 
iapt  clear.    The  canai  was  opened  in  ttie  «i4  <Jl  \W%^   Ta*. 
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deep  channel  through  the  lake  ia  marked  by  iron  beacoDs  on 
each  side,  250  feot  apart.  There  are  passing  places  at 
iotervalB  of  5  or  6  miles,  to  admit  of  large  veaaela  moor- 
ing for  the  night,  or  to  bring  up  in  order  to  allow  others  to 
pass.  At  each  passing  place  a  telegraph  station  is  erected, 
with  an  officer  to  regulate  the  movements  of  vessels.  In 
the  Boathern  portion  of  the  canal,  between  Saez  and  the 
Great  Bitter  Lake,  the  tidal  influence  from  the  Bed 
Sea  is  felt,  as  there  is  a  regular  flow  and  ebb.  The  rise 
at  spring  tides  is  between  6  and  6  feet  at  Suez,  and  about 
2  feet  about  six  miles  inland  ;  at  the  Small  Bitter  Lake,  a  few 
inches  only.  It  is  stated  that,  in  the  execution  of  the  works  of 
the  canal,  there  have  been  excavated  about  80,090,000  cubic 
yards  of  material.  At  one  time  nearly  30,000  labourers  were 
at  work.  A  supply  of  fresh  water  was  brought  from  Cairo  for 
their  use,  by  a  fresh-water  canal,  via  Zagazig.  The  terminal 
harbour  in  the  Mediterranean  Sea,  at  Port  Said,  is  farmed  by 
two  breakwaters  constructed  of  concrete  blocks,  and  enclosing 
an  area  of  about  460  acres.  The  eutrance  at  Suez  is  also 
protected  by  a  breakwater.  In  connection  with  the  harbour 
there  ore  two  large  basins  and  a  dry  dock.  The  total  cost  of 
the  works  of  the  Suez  Canal  amounted  to  about  £20,000,000 
sterling.] 


CHAPTER   XIV. 

RIVERS. 

RrvEBS  present,  in  the  whole  of  their  course,  from  the  point 
where  they  rise  to  that  at  which  they  fall  into  the  sea  or 
into  some  other  river,  the  following  circumstances : — their 
width  increases  as  they  advance,  and  their  longitudinal 
section,  excepting  in  some  extraordinary  cases,  consists  of 
concave  curves,  hoth  at  the  hottom  of  the  heds  and  at  the 
surface  line,  although  these  curves  are  not  necessarily  con- 
centric or  parallel  to  one  another.  The  courses  of  all  rivers 
are  so  devious  that  it  is  an  invariable  rule  that  their  length, 
measured  upon  their  longitudinal  profile,  is  greater  than  the 
rectilinear  distance  between  their  extremities.  If  the  river 
fall  into  a  sea,  or  another  river,  whose  levels  are  exposed  to 
variations,  whether  periodic  or  not,  the  transverse  and  longi- 
tudinal sections  of  the  one  thus  falling  in  are  exposed  to 
variations  beyond  the  influence  of  their  own  waters.  Should 
the  variations  of  the  receiving  channels  be  subject  to  tidal 
action,  the  subsidiary  rivers  will  follow  the  usual  laws ;  the 
neaps  and  the  springs,  the  ebbs  and  the  floods,  will  act  upon 
them  in  an  analogous  manner,  but  in  a  difibrent  degree,  to 
what  they  do  on  the  sea. 

The  manner  in  which  rivers  fill  up,  or  raise,  their  beds,  is 
a  subject  involved  in  some  obscurity,  or  at  least  it  depends 
upon  causes  which  are  often  purely  local.     In  many  rivers 
the  tendencj  of  the  water  is  rather  to  \ovi^t  V!ki^\>^^>  ^%\^- 
daily  when  it  runs  upon   hard  rocVa,  ftiou  \.o  ^c^^«>N»  '^^ 
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detritus  brought  down  from  the  upper  districts ;  and  this 
tendency  to  deepen  the  beds  is  principally  confined  to  the 
upper  and  more  rapid  portions  of  the  course.  The  detritus 
in  these  portions  is  deposited  in  the  various  small  branches, 
or  bays,  or,  in  fact,  in  any  positions  where  a  sudden  change 
takes  place  in  the  rate  of  flow ;  and,  when  this  law  is  skil- 
fully applied  by  the  engineer,  it  may  be  made  to  co-operate 
very  efficaciously  in  the  improvement  of  the  course  of  the 
stream.  But  in  the  lower  portions  of  the  river,  where  the 
descending  velocity  of  the  water  is  destroyed  by  the  meeting 
with  the  sea,  the  sand  and  mud  are  deposited  gradually  all 
over  the  surface  of  the  bed,  giving  rise  to  the  deltas  which 
are  so  characteristic  of  the  mouths  of  rivers,  particularly  in 
tideless  seas,  such  as  the  Mediterranean  and  the  Gulf  of 
Mexico. 

According  to  the  natural  laws  of  gravity  the  velocity  of 
the  waters  in  a  river  would  continually  increase,  agreeably 
to  the  rates  of  inclination  of  its  bed,  did  not  the  friction 
upon  the  sides  and  the  bed  increase  at  the  same  time  with 
the  velocity,  and  in  a  much  greater  proportion.  The  friction 
also  modifies  the  rate  of  flow  of  the  several  separate  portions 
of  the  transverse  section,  causing  it  to  bo  greater  in  propor- 
tion to  the  depth  or  volume  over  any  particular  part  of  the 
contour.  There  is,  in  almost  all  rivers,  a  zone  where  the 
depth  is  greater  than  in  the  other  parts,  and  where,  con- 
sequently, the  velocity  is  greatest ;  this  zone  is  called  the 
''  thalweg "  by  foreign  engineers,  and  forms  usually  the 
navigable  channel.  Beyond  it  there  are  frequently  other 
zones  of  stiU  water,  and  in  some  cases  these  are  characterized 
by  currents  flowing  in  an  opposite  direction  to  that  of  the 
main  stream.  In  the  thalweg  itself,  also,  the  velocity  is  not 
the  same  at  the  bottom  that  it  is  at  the  surface,  where  in 
aven  oi  ordiDary  depths  it  is  at  the  maximum.  It  is  usual 
4tf  eannder  the  mean  velooity  to  be  aboul  ioMi-fifihs  of  that 
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The  following  table  is  extracted  from  the  ''  Cours  de  Con- 
Btraction,*'  by  Sganzin ;  it  shows  the  velocity  of  some  of  the 
most  important  rivers,  principally  in  western  Europe. 

ft.  in. 
Mean  Telocity  of  the  Seine,  below  Paris  . .     per  second    2    3 

„                „          Thames  at  London,  flood  tide            „  3  0 

Velocity  of  the  Tiber  at  Rome,  low  water                    „  3  4 

,.              Danube  at  Ebersdorf       „        . .              ,.  3  6 

Loire                                  ,.        . .              ,.  4  4 

Rhone  at  Aries                »■        . .             .,  4  10^ 

„        Beaucaire          „        . .              „  8  6 

„              Durance  below  Sisteron  „        . .              „  8  6 

„              Maragnon,  S.  America    „        ..              .,  13  0 

,,              Rhine  varies  from  3  ft.  2  in.  to  about     „  14  0 

„  a  torrent  produced  by  the  melting  of  snow  by 

the  sudden  action  of  a  volcano           . .         . .      per  second  25  7 


From  the  circumstances  connected  with  the  origin  and 
subsequent  flow  of  rivers,  it  follows  that  their  volumes  are 
exposed  to  considerable  variations.  Thus,  the  melting  of  a 
hUL  of  snow,  or  a  sudden  storm,  may  cause  the  waters  to 
lise  in  a  very  anomalous  manner,  producing  in  those  parts  of 
the  course  which  are  beyond  the  influence  of  tidal  action 
serious  modifications  in  the  velocity  and  depth  of  the  water, 
as  well  as  in  the  cross  section.  It  becomes  important,  there- 
fore, before  commencing  any  works  for  the  improvement  of 
a  river,  to  ascertain  the  precise  range  of  its  variations  of 
volume,  and  the  numerous  causes  which  may  affect,  not  only 
the  district  drained  by  the  principal  stream,  but  also  those  of 
its  affluents.  Indeed,  when  rivers  are  of  great  length  it  fre- 
quently happens  that  the  floods  of  the  various  subsidiary 
hydrographical  basins  occur  at  very  distant  epochs,  and  intro- 
duce numerous  causes  of  irregularity  in  the  flow.  As,  for 
instance,  in  the  case  of  the  Mississippi,  the  freshets  from 
the  upper  valleys  of  the  Mississippi  and  Missouri  come  down 
at  different  periods  from  those  of  the  Ohio  and  Tennessee 
▼alleys,  and,  generally  speaking,  at  a  latex  i^ofLoQi  ol  V^ci^^^^x. 
It  IB  observed  that  the  floods  of  ihe  OYiVo,  \jai^«i  VSaft^^R^  c« 
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camstaticee,  cause  Uie  waters  of  the  MtssiBsippi  to  be,  as  it 
ivere,  penned  back  for  a  oonaiderable  distance  ;  and  eqnally 
the  floods  of  the  Mississippi  occasionally  pen  back  the  ^ratera 
of  the  Ohio  for  many  leagues.  The  same  remark  will  apply 
to  most  great  rivers  ;  hut  in  our  own  country  the  extent  of 
the  bydrographical  hasins  is  not  safficiently  great  to  allow  of 
much  irregularity  of  this  description ;  and  we  may  consider 
with  tolerable  safety  that  onr  rivers,  above  the  inSuence  of 
the  tides,  are  at  the  lowest  in  the  months  of  June,  July, 
Angnst,  and  September,  and  that  the  floods  occur  in  the 
months  of  December,  January,  February,  and  March, 

Under  ordinary  circumstances  we  find  that  the  banks  of  a 
river  resist  less  than  the  bottom,  and  that  the  width  propor- 
tionally is  greater  than  the  depth.  The  tendency  of  the 
constitnent  particles  of  the  banks  to  fall  down  by  the  efi'ect 
of  gravity  adds  to  this  excess  of  the  one  dimension  over  the 
other ;  and  as  the  larger  and  more  solid  materials  thus 
carried  down  from  the  sides  remain  at  the  bottom,  they  also 
serve  to  augment  its  stability  by  their  greater  resistance.  In 
long  level  plains  the  velocity  of  the  stream  necessarily  dimi- 
nishes, and  any  accidental  obstacle  acquires  increased  power 
to  deflect  it  from  its  natural  course,  which  would  be  upon  the 
line  of  greatest  longitudinal  fall.  Should  the  bank  he  of  a 
harder  and  more  resisting  nature  on  one  side  than  the  other, 
or  should  any  natural  or  artificial  projection  exist,  the  stream 
will  tnm  towards  the  other  side  ;  and  its  bed  may  thus  be- 
come siuuous,  and  present  such  an  increase  of  length  as 
materially  to  retard  the  flow  of  its  waters.  In  winter,  it  is 
also  to  he  observed  that,  if  the  upper  surface  be  frozen  over, 
the  whole  of  the  abrasive  action  of  the  stream  is  exercised 
upon  the  bottom,  which  it  will  deepen  so  long  as  the  water 
thus  flows,  as  it  were,  in  a  pipe. 

It  follows  from  what  has  been  said  above,  in  this  and  the 
preceding  chapter,  that  the  works  required  for  the  improve- 
meot  <^  the  diAonel  of  a  river  may  be  directed  either  to 
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Tegnlarise  its  flow  in  anch  a  manner  as  to  retain  a  sufficient 
d«pth  of  water  for  the  porpoBes  of  navigation  or  of  adapta- 
tion to  manuiactniing  or  irrigation  qbob  ;  or  simply  to  defend 
the  sorronnding  country  from  the  ravages  of  inundations, 
whether  they  be  caused  by  floods  from  the  upper  districts  or 
by  the  tides. 

The  first  inquiries  to  be  made  in  either  caae  must  be  directed 
to  ascertain  all  the  variable  conditions  of  the  flow  and 
Tolome  of  the  river,  the  nature  of  its  bed,  and  both  its  plan 
and  section.  As  for  as  regards  the  adaptation  of  any  stream 
to  manufacturing  and  irrigation  uses,  the  principal  point  to 
be  decided  will  always  be  the  height  to  which  the  water  may 
be  penned  back,  because  evidently  upon  this,  to  a  great  ex- 
tent, will  depend  the  power  it  can  produce  and  the  surface  it 
can  irrigate.  Bat  with  respect  to  its  adaptation  to  the  pur- 
poses of  navigation,  the  qaeetions  of  detail  became  more  com- 
plicated. It  frequently  happens  that  the  tranaporte  only 
require  to  he  effected  in  one  direction,  and  that  they  can 
only  be  effected  under  certain  conditions  of  velocity  and  depth. 
The  width  to  be  given  to  the  new  navigable  channel  may  also 
depend  upon  circumstances  eitrioBic  from  those  of  the  river 
itself,  BO  that  a  careful  examination  of  the  commercial  rela- 
tions of  the  district  is  aa  necessary  as  that  of  its  phyaical 
nature. 

When  it  is  poBsible  to  obtain,  either  artificially  or  uatn- 
rally,  a  depth  of  about  S  feet,  a  river  becomes  navigable  for 
barges.  If  the  rate  of  fall  in  the  longitndinal  direction  ex- 
ceed from  7  to  8  in  10,000,  the  barges  can  only  descend 
loaded.  It  is  usual,  however,  to  regard  an  inclinatioti  of 
I  in  2,000  as  the  masimnm  which  admits  of  transport  m  the 
two  directions  of  ascent  and  descent.  The  river  Rhone  has 
an  inclination  of  from  7  to  8  in  10,000,  as  qnoted  above, 
and  by  the  aid  of  a  class  of  steamers  constructed  eBpeotally 
for  that  river,  with  some  peculiar  arrangements  of  their 
machinery,   the    ascending  navigation   is   carried    on   with 
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tolerable  sncceBS.  But  on  the  river  hye,  in  Belgium,  where 
the  haulage  is  performed  by  horses,  the  rate  of  flow,  pro- 
duced by  an  inclination  of  1  io  2,000,  might  render  the  aBcent 
difficult,  were  it  not  retarded  by  the  aquatic  plants,  which  it 
is  strictly  forbidden  to  cnt. 

Barges  natnrally  vary  much  in  their  dimeneiona,  accord- 
ing to  the  nature  of  the  river  upon  which  they  are  employed. 
The  extreme  limits  of  variation  appear  to  be,  in  length,  from 
60  to  280  feet ;  in  width,  from  6  feet  6  inches  to  23  feet ;  and 
in  draught  of  water,  from  2  feet  6  inches  to  6  feet  6  inches. 
Evidently,  then,  it  is  important  to  ascertain  the  dimensions 
of  those  frequenting  the  waters  of  the  main  stream,  or  of  any 
of  its  afflnents,  before  commencing  any  works  for  the  im- 
provement of  either  the  former  or  the  latter. 

In  many  instances  it  will  be  found  sufficient  for  atl  ordi- 
nary purposes  of  navigation  to  regularise  the  outline  of  the 
bank  nearest  to  the  thalweg,  so  as  to  secure  a  uniform  depth 
of  water,  and  a  freedom  from  abrupt  changes  of  direction,  in 
the  part  of  the  channel  close  to  this  bank.  The  towing-path 
would  then,  naturally,  be  formed  on  the  same  side  ;  but  it  is 
perhaps  as  necessary  to  lay  down  as  a  general  rule,  that  a 
towing-path  ought  to  be  formed  npon  tbe  bank  under  the 
prevailing  wind.  The  conditions  really  affecting  the  deter- 
mination of  its  position  are  that  the  hanlage  take  place  in  as 
direct  a  line  aa  possible,  and  that  there  be  very  'ew  impedi- 
ments to  the  passage  of  the  ropes.  It  may  occasionally 
happen  that  a  second  towing-path  is  required,  bnt,  gcnerully 
speaking,  in  these  cases  the  width  need  not  exceed  one-half 
of  that  of  the  principal  path.  Both  of  them  should  be  kept 
at  such  heights  as  to  allow  of  their  being  above  the  water 
line,  so  long  as  the  navigation  can  be  safely  carried  on ; 
directly,  however,  the  waters  of  a  river  rise  to  such  a  height 
as  to  eanae  the  river  to  flow  with  a  dangerons  velocity,  it  is 
advisable  that  they  become  Bubmeieft&.mQtder  efTectnally  to 
prevont  tbe  bargemen  from  &iteiii'p^^  ^a  ^ioc&&&. 
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The  width  of  a  towing-path  is  usually  from  12  to  18  feet ; 
mooring.posts  are  required  on  the  opposite  bank.  In  passing 
nnder  bridges  the  towing-path  should  be  carried  under  the 
land-arches,  if  possible,  so  as  to  obviate  the  necessity  for 
detaching  the  tow-ropes.  When  it  is  not  possible  to  carry 
the  path  in  this  position,  it  will  be  necessary  to  insert  rings 
into  the  masonry  of  the  bridge,  or  to  place  mooring-posts  in 
the  banks,  or  to  adopt  some  other  method  of  attaching  the 
boats  during  the  period  that  the  tow-rope  is  being  carried 
forward. 

But,  in  the  majority  of  instances,  it  is  necessary  to  do  far 
more  than  merely  construct  towing-paths.  The  depth  of 
rivers  in  the  summer  months  is  usually  insufficient  to  allow 
the  continuance  of  navigation  ;  in  other  seasons  the  velocity 
may  be  too  great ;  sometimes  the  thalweg  may  shift  from 
one  side  to  the  other,  or  the  banks  may  be  exposed  to  be 
frequently  washed  away.  The  first  object  to  be  obtained  is, 
then,  to  maintain  the  river  in  its  bed,  and  to  create  for  it  a 
channel  of  such  dimensions  as  to  ensure,  at  the  lowest 
waters,  sufficient  width  and  depth ;  and  the  second,  to  regu- 
late its  velocity  so  as  to  ensure  favourable  navigation  in 
either  direction.  They  may  be  obtained,  either  by  forming 
a  series  of  reaches  of  still  water  in  the  bed  of  the  river  itself, 
communicating  with  one  another  by  locks ;  or  by  means  of  a 
lateral  canal ;  or  occasionally  by  constructing  a  secondary 
bank,  submersible  whenever  the  waters  rise  above  certain 
definite  levels. 

If  the  river  flow  under  such  circumstances  as  to  form  a 
succession  of  islands  dividing  its  waters  into  two  or  more 
branches,  advantage  may  be  taken  of  this  circumstance  to 
divert  into  the  main  or  navigable  channel  the  waters  usually 
flowing  in  the  subsidiary  branches,  by  means  of  submersible 
dams  or  by  movable  barrages.  It  is  also  possible  to  ^Q\i^«^ 
the  main  channel  into  a  canal,  by  {onmxi^  ^  \o^  ^  ^^ 
extremity  ofauch  a  seiiea  of  islandB,  and  pWvu^  -^wAa  ^««^ 
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apon  the  small  commnnicating  channels  between  them. 
Snch  a  lock  will  also,  of  coarse,  increase  the  depth  of  water 
reserved  for  navigation,  and  destroy  any  injurious  velocity  of 
the  main  stream  ;  but  even  when  it  is  found  inespedient  to 
construct  any  works  of  this  class,  the  fact  of  confining  a 
stream  within  a  regular  channel,  and  thus  concentrating  its 
scouring  action,  will  render  great  service  by  eventaally 
lowering  the  bed  of  the  river. 

If  the  river  suddenly  diminish  in  depth  on  account  of  the 
wideniog  of  its  bed,  it  may  be  improved  by  contracting  the 
latter ;  the  manner  to  be  varied  according  to  local  circum- 
stances. Thus,  in  the  case  of  the  Midouze,  a  river  falling 
into  the  Adoar,  in  the  south  of  France,  the  widening  out  of 
the  channel  in  several  of  its  bonds  was  oorreeted  very  suc- 
cessfully by  planting  ai^uatic  trees,  such  as  willows,  osiers, 
ftc,  upon  the  banks,  so  as  to  leave  a  clear,  regularly  outlined 
water-way,  at  the  same  time  that  all  reefs  or  other  projec- 
tions in  the  channel  were  removed.  'When  the  velocity  of 
the  stream  is  small,  this  system  appears  to  answer  very  well ; 
because  the  artificial  banks  tbns  formed  soon  become  raised 
by  tho  deposition  of  any  mud  or  sand  in  suspension  in  the 
waters  of  floods,  which  is  facilitated  by  the  retardation  of 
their  flow  in  consequence  of  the  obstacles  formed  by  the 
trees,  and  as  the  roots  of  the  willow  tribe  strike  quickly  they 
soon  solidify  the  deposits.  As  the  water-way  becomes  also 
thus  contracted,  there  is  at  the  same  time  created  a  tendency 
to  lower  the  bed  of  the  river  and  to  cause  the  waier  to  flow 
permanently  in  the  open  channel  thus  left.  There  is  a  great 
simplicity  in  the  means  adopted  in  this  case  ;  the  materials 
employed  are  inexpensivo  and  easily  procured,  and  they 
possess  t^'B  advantage,  that  they  do  not  in  any  way  interfere 
with  the  normal  regime  (or  conditions  of  flow  as  to  volume 
»ad  ralocjtj),  in  the  open  channel,  at  least. 
In  rivers  exposed  to  sadden  and  vv>\«>^ti  floods,  however, 
ibe  trees,  aad  the  depont  aroTmd  l\iem, '«aM\^^o''(&K>'^^A^\'^ 
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euried  away ;  and  it  beoomea  necessary  to  coustmct  the 
longitndinal  banks  required  to  concentrate  the  enmrner  or 
low  watera  in  a  more  substantial  manner.  But,  in  snch 
cases,  it  is  equally  necessary  to  defend  the  nsnal  or  natural 
bant  of  the  river  by  some  system  which  shall  enable  it  to 
resist  the  abrading  action  of  the  current.  On  many  rivers, 
instead  of  constructing  longitadinal  banks,  a  series  of  trans- 
verae  spurs  are  carried  oat  into  the  stream,  for  the  purpose 
of  giving  rise  to  corresponding  pools  of  still  water  in  which 
the  silt  or  gravel  carried  down  may  be  deposited.  These 
spars,  in  fact,  are  intended  to  exercise  the  same  inflaence  upon 
the  stream  of  rivers  that  groins  do  npon  the  currents  of  the 
sea-shore.  In  both  cases,  however,  their  usual  effect  is  very 
qaestionable  ;  that  is  to  say,  when  compared  with  their  cost. 
Unless  they  are  in  close  proximity  to  one  another,  the  counter- 
enrrent  produced  by  these  spurs  is  found  to  corrode  the  banks 
in  a  serious  manner  on  the  down  side  of  the  projection.  If 
they  are  very  close  together,  their  developed  length  will  be 
fonnd  to  be  nearly  equal  to  that  of  the  more  logical  system  of 
longitudinal  banks ;  and  in  the  latter  case,  moreover,  there 
is  less  danger  to  be  apprehended  from  the  changes  of  direc- 
tion produced  by  the  irregular  interferences  with  the  line  of 
the  current.  Experience  appears  to  warrant  the  assertion 
of  the  general  rale,  that  the  most  effectual  method  of  deepen- 
ing the  bed  of  a  river,  and  of  regulating  its  flow,  is  to  confine 
it  between  longitudinal  banks,  which  may  occasionally  require 
lateral  openings  or  waste  weirs,  so  as  to  allow  any  sudden 
freshets  to  escape  directly  they  attain  a  dangerous  height. 

The  submersible  banks,  or  dykes,  as  they  are  sometimes 
called  (and  the  name  will  be  retained  for  the  purpose  of 
designating  more  clearly  the  difference  between  the  dykes  and 
the  banks),  may  be  executed  either  in  rough  blocks  of  stone, 
or  concrete,  of  masonry,  of  woodwork,  of  fascines,  or  of  pan- 
niers fiUed  with  gravel  or  with  rabble-Blone.  ^tWb  \%«\.  ^^ 
iZrd  banks  amy  also  be  protected  in  the  sam«  TQarai« ',  Mvi^S- 
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any  poition  extend  mnch  below  tha  permanent  water-line,  a 
combination  of  several  of  the  above  systems  may  be  employed, 
as  in  the  case  of  the  banks  of  tbe  Rhine.  In  almost  every 
case,  however,  the  determining  motive  in  the  choice  of  ma- 
terials is  to  be  fonnd  in  their  relative  cost.  As  the  two 
classes  of  works,  viz.,  those  for  the  defence  of  the  banks  and 
the  construction  of  the  dykes,  are  so  nearly  identical,  the 
description  of  the  former,  by  far  the  most  ^important,  will  be 
given  in  the  greatest  detail. 

The  rabble  facing  of  river  banks  may  be  resorted  to  when 
stone  is  plentiful  and  at  a  very  low  cost,  for  it  is  to  b« 
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observed  that  the  quantities  repaired  are  very  considerable. 
One  peootiar  advantage  of  this  system  is  that  the  rubble 
easily  slides  down  into  any  place  where  the  water  has  attacked 
and  nndermined  the  banks ;  and  it  may  be  executed  under 
almost  every  condition  of  the  level  of  the  water  m  the  river. 
The  largest  stones  which  it  is  possible  to  obtain  onght  to  be 
employed,  because  they  are  displaced  with  the  greatest  diffi- 
culty. The  slopes,  when  finished,  should  be  dressed  tolerably 
smoothly  to  a  minimum  inclination  of  1^  to  1  ;  the  thickness 
mnst  depend  apon  the  nature  of  the  bank  to  be  supported, 
mad  the  degree  of  erosion  it  is  leqaired  to  compensate. 
WheD  atone  ia  dear,  the  8lop«amKj^V>'^^^'Mk.'0a%v»' 
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tion  ftbore  the  nsiud  Bominer  level ;  this  pitching,  however, 
does  not  snpport  the  banks,  bat  only  serves  to  defend  them 
Bgainat  any  erosive  action  of  the  correnta  or  descending  ice. 
Id  the  execntion  of  this  pitching  the  most  Important  part  la 
to  be  found  in  the  fotmdationa,  which  must  be  able  to  resiat 
the  andermiuing  effects  of  the  oorrent.  If  the  bed  and  aidea 
of  tha  river  be  of  a  solid  nature,  loose  rabble  may  be  em- 
ployed ;  but  if  they  be  of  a  nature  to  yield  easily,  it  may  be 
necessary  to  defend  the  feet  by  a  single,  or  even  by  a  doable, 
row  of  piles,  Figs.  122, 123 ;  the  woodwork  being  kept  aa  low 
aa  posaible  in  all  caaes.  The  inclination  may  vary  from  1  to  1, 
to  2  to  1 ;  the  longer  alopes 
reqoirmg  a  leaa  tbiokneaa  of 
pitching,  and  reaiating  the 
action  of  the  cnrrents  more 
effeotnally;  at  the  aame  time 
they  will  be  found  to  carry 
vaves  to  a  higher  point,  if  the 
river  be  sufficiently  wide  to 
allow  of  their  formation.  The 
thickness  will  be  regulated  p,g.  ,«._Ttai^B«i=g,  Ri™  B^k.. 
by  the  rate   of  inclination 

and  the  force  of  the  currents ;  but  it  is  nanally  from  9  to 
14  inches  at  the  summit,  and  increaaos  at  about  the  rate  of 
1  inch  to  every  foot  of  additional  depth.  In  order  to  resiat 
the  action  of  the  cnrrenta  at  the  water  lines,  the  conraea 
■hould  be  inclined,  or,  at  any  rate,  they  should  not  pre- 
serve their  horizontolity  for  any  great  distance. 

Blopes  may  be  protected  from  the  effects  of  a  sadden 
flood,  when  rapidity  of  execution  is  desired,  by  means  of  a 
timber  facing,  as  in  Fig.  124.  Goide  piles  are  driven,  either 
vertically  or  in  an  inclined  position  ;  they  are  connected  at  the 
top  by  wales,  and  on  the  inaide  they  are  lined  by  planka  Ifud 
horizontally,  and  backed  by  earth.  TluBmelbo^Lot  &e^«a%aA% 
h»nks  of  rivera  ie  very  costly,  and  OUi  caVj  ^J«  bib^Q^^ 
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definitively  in  positions  where  timber  is  plentiful,  land  valuable, 
and  the  length  to  be  protected  not  very  considerable.  It  has 
been  adopted  on  the  banks  of  the  Scheldt,  and  in  some  of  the 
Atlantic  cities  of  the  United  States.  On  the  banks  of  the 
Upper  Po,  in  the  Piedmontese  dominions,  a  very  economical 
system  of  temporary  wooden  defences  was  introduced  by  an 
Italian  engineer,  of  the  name  of  Magistrini,  which  has 
answered  very  well  in  every  instance  where  it  has  been 
employed,   for  the   purpose  of  turning  aside  any  current 


Fig.  125.— Timber-ftujing,  River  Po. 

acting  upon  projecting  spurs  or  abrupt  elbows  on  the  river 
banks.  Fig.  125. 

Fascines  are  formed  by  t3dng  together  a  great  number  of 
small  twigs  of  brushwood,  laid  longitudinally,  by  other  twigs 
placed  at  inteivals  varying  with  the  diameter.  The  wood 
ought  to  be  from  five  to  six  years*  growth,  the  small  and 
large  ends  being  respectively  kept  in  the  same  direction,  and 
at  least  two-thirds  of  the  total  quantity  used  in  a  fascine 
should  pass  from  one  end  to  the  other,  nor  should  any  twig 
exceed  4  incbea  in  diameter.  Small  fascines  are  from  5  feet 
io  6  feet  6  incbeB  long,  and  about  itom  \  Ioq\.  ^  \s\0^^%  tA 
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8  feet  6  inches  in  girth  at  the  large  end.  In  Flanders  and 
Holland  the  length  is  usually  made  from  8  to  18  feet,  and 
the  girth  in  the  centre  from  1  foot  4  inches  to  1  foot  8 
inches;  and  npon  the  Upper  Rhine  the  length  is  made 
£rom  18  to  16  feet,  with  a  girth  of  from  8  feet  6  inches 
to  6  feet  6  inches  at  the  larger  end,  and  from  1  foot  8 
inches  to  1  foot  10  inches  at  the  smaller.  Sometimes  the 
fascines  are  tied  together  at  the  ends,  so  that  the  small 
extremity  of  one  inay  join  the  largo  extremity  of  the  other, 
and  the  name  of  <' sansage,"  or  ''gabion,**  is  given  to  the 
assemblage.  Military  engineers  make  their  gabions  about 
20  feet  long,  and  8  feet  in  girth  on  the  mean,  with  bands  at 
distances  of  from  1  foot  to  1  foot  6  inches  ;  in  Holland  the 
gabions  are  made  from  24  to  27  feet  long,  from  1  foot 
4  inches  to  1  foot  8  inches  in  girth,  and  with  bands  at  every 
6  inches  apart ;  and  upon  the  Upper  Rhine  the  gabions  are 
made  from  2  feet  6  inches  to  8  feet  4  inches  in  girth. 

In  Flanders  and  Holland,  when  a  bank  is  to  be  protected 
by  fascines,  if  the  corrosion  take  place  above  the  ordinary 
water  line,  and  the  natural  slope  of  the  ground  below  be 
such  as  to  support  the  weight  of  the  bank,  the  fascines  are 
laid  in  horizontal  courses,  with  the  small  end  towards  the 
land  and  the  butt  end  to  the  water.     The  ends  of  every  suc- 
ceeding layer  are  set  back  from  the  line  of  the  layer  below 
it,  so  as  to  form  a  regular  batter,  and  the  whole  body  is  tied 
together  by  means  of  stakes  4  feet  long  driven  through  each 
DEUKsine  as  it  is  placed.     The  heads  of  these  stakes  project 
from  6  to  8  inches,  and  they  are  tied  together  by  hoops 
passing  alternately  in  and  outside  of  the  heads.     Gravel, 
clay,  sand,  or  shingle  are   then   firmly  rammed  upon  the 
fascines,  so  that  their  surface  becomes  perfectly  level  before 
proceeding  to  place  another  layer.     The  batter  of  a  slope 
thus  built  up  in  fascines  may  vary  from  }  and  i^  to  1  base  to 
1  in  height. 
When  the  beaik  is  corroded  below  the  oidmATj  ^«\AiX\Tii^^ 
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the  conrae  ngnally  adopted  is,  to  form  a  Bpeciea  of  raft  of 
gabions  strongly  tied  together  and  fixed  into  the  banks  by 
stakes,  with  their  ends  projecting  into  the  stream.  Other 
gabions  are  placed  upon  these  in  a  direction  parallel  to  the 
bank ;  ani  fascines  alternately  crossing  one  another  in  the 
body  of  the  raft,  but  presenting  always  at  theb  river  end 
their  smallest  extremity,  are  laid  upon  this  description  of 
grating.  The  several  layers  of  fascines  are  joined  together 
by  stakes,  round  which  bands  are  placed  as  before,  and  the 
whole  structnre  is  snnk  by  being  loaded  with  gravel  or 
stones,  forming,  in  fact,  a  species  of  elastic  matlass  adapting 
itself  to  the  form  of  the  river-bed.  The  force  and  velocity 
of  the  cnrrent  modify  to  a  certain  extent  the  resistance  of  the 
gabions  ;  and  it  is  for  this  reason  that  in  the  districts  of  the 
Upper  Khine  the  dimensions  given  to  the  gabions  are  greater 
than  those  adopted  where  the  river  runs  more  slnggishly. 

Upon  the  banks  of  the  Rhine  panniers  filled  with  gravel 
are  occasionally  employed.  They  are  formed  of  osiers  or 
willow-twigs  woven  together  in  the  form  of  baskets,  abont 
6  feet  6  inches  long  by  8  feet  4  inches  high  and  2  feet  wide, 
when  rectaugnlai ;  the  length  is  made  abont  7  feet  when  the 
panniers  are  triangular,  the  sides  measuring  4  feet  4  inches  ; 
when  they  are  cironlar,  the  length  is  made  10  feet,  and  the 
girth  abont  7  feet.  These  panniers  are  thrown  down,  some- 
times at  random  ;  at  others  they  are  snnk  over  the  positions 
they  are  intended  definitively  to  occupy,  and  fastened  by 
means  of  stakes.  Id  several  instances,  large  hollows  in  the 
hanks  of  rivers  in  these  districts  are  filled  in  with  panniers 
of  the  above  description,  and  the  npper  snrface  is  further 
protected  by  means  of  a  pitched  stone  slope  laid  in  the  osnal 
manner. 

The  nse  of  fascines  can,  however,  only  be  recommended 

in  conntries  where  more   durable  materials  are  eztremely 

expenBive,  or  where  great  rapidity  of  execution  is  required. 

Tbey  are  exposed  to  very  tv^\\  iuubwi^  vsA.  W  "tlte  ttiaoks 
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of  nnmerons  animals.  In  England  they  are  hardly  ever 
employed  by  other  than  the  Royal  Engineers ;  and  it  is  in 
Holland  only  that  they  are  habitually  employed  in  the  forma- 
tion of  longitudinal  submersible  dykes  for  the  regulation  of 
the  channels  of  rivers.  Whatever  description  of  material  be 
adopted,  the  most  important  point  to  be  observed  is,  that  the 
work  for  the  defence  of  a  bank  should  be  executed  with  the 
greatest  rapidity,  and  before  the  corrosions  can  attain  any 
dangerous  extent,  which  might  allow  the  formation  of  any 
secondary  branches,  or  any  permanent  alteration  in  the 
regime  of  the  river. 

In  all  works  intended  to  improve  the  navigability  of  a 
river,  extreme  care  is  required  in  attempting  to  alter  its 
natural  conditions,  whether  of  width  or  of  depth,  because 
the  results  of  any  interference  with  thorn  are  always  very 
uncertain.  It  is  preferable  at  all  times  to  maintain  the 
river  within  the  limits  nature  appears  to  have  traced  for 
it  under  its  normal  flow,  rather  than  to  endeavour  to  intro- 
duce great  modifications,  even  though  they  may  appear 
highly  desirable.  Thus,  in  several  instances,  when  it  has 
been  attempted  to  shorten  the  course  of  rivers  by  diverting 
them  into  new  and  straighter  beds,  the  water  has  eventually 
formed  for  itself  a  course  of  precisely  the  same  character  as 
the  original  one.  This  is  particularly  true  with  rivers  that 
run  upon  a  sandy  bed,  when  they  follow  a  sinuous  line,  and 
it  is  attempted  to  shorten  the  distance  between  any  of  the 
principal  beds  ;  for  the  slightest  inequality  in  the  resistance 
of  either  the  bed  or  of  the  banks  will  give  rise  to  currents 
such  as  are  able  to  overthrow  the  new  works.  It  may  be 
laid  down  as  a  law,  that  the  straightening  of  the  bed  of  a 
river  is  only  to  be  e£fected  to  a  limited  extent,  one  which 
will  depend  upon  the  nature  of  the  materials  over  which  it 
flows  and  the  volume  of  water  it  carries. 

It  may  be  possible  to  improve  the  navigability  ol  ^t^^t 
either  by  dredging  or  by  the  closing  up  ot  VScift  ^i^^o\i<^T^ 
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branches,  without  resorting  to  the  construction  of  submer- 
sible dykes ;  and  at  almost  all  times  those  operations  are 
productive  of  advantage,  if  executed  with  proper  precautions. 
Thus,  dredging  may  be  resorted  to  for  the  removal  of  any 
shoals  in  that  portion  of  the  course  of  a  river  where  the 
navigation  is  designed  to  take  place.  But  in  some  cases,  as, 
for  instance,  when  the  water  is  kept  back  in  a  series  of  pools 
by  means  of  such  shoals,  their  removal  may  be  attended  by 
the  lowering  of  the  water  line  in  all  the  upper  parts  of  the 
river.  The  nature  and  mode  of  formation  of  such  shoals 
must  therefore  be  carefully  ascertained  before  an  attempt 
is  made  to  remove  them. 

In  closing  the  small  branches  which  run  between  the 
subsidiary  islands  so  frequently  to  bo  met  with  in  rivers,  the 
course  usually  adopted  is,  to  carry  out  the  dam  from  either 
side  towards  the  centre.  In  proportion  as  the  dam  advances 
the  waterway  becomes  contracted,  and  naturally  the  velocity 
is  increased  to  such  an  extent  as  to  render  the  closing  of  the 
central  portion  a  very  difficult  operation,  because  the  bed 
is  deepened,  and  the  materials  thrown  in  are  often  carried 
away  immediately.  Sometimes  the  aperture  is  closed  by 
driving  piles  in  front  of  it,  between  which  hurdles  are  placed 
so  as  to  diminish  the  current ;  sometimes  sheet  piling  is 
driven ;  and  occasionally  old  boats  or  pontoons,  laden  with 
earth  or  stones,  are  sunk.  Under  all  circumstances,  it  is 
necessary  that  the  materials  required  to  carry  the  dam  up  to 
its  full  height  should  be  prepared  beforehand,  so  that  no 
opening  should  be  left  through  which  the  water  should  flow. 
Loose  rubble-stone  dams  are  used  in  some  places,  and  they 
become  eventually  watertight  by  the  deposition  of  the  mud 
and  silt  brought  down  by  floods.  Fascines  are  used  in 
other  cases,  either  by  being  thrown  down  at  random,  or  by 
being  sunk  in  large  rafts  in  the  manner  adopted  in  Holland 
and  ManderB. 
The  best  poaition  of  the  dam  cVoBvn^  «:v)iOKi  wcclv^V^t^ti^Ws 
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is  a  subject  of  some  obscurity.  When  it  is  placed  at  a  con- 
siderable distance  below  the  point  of  bifurcation,  the  water 
becomes  stagnant  before  arriving  at  the  dam,  and  deposits 
the  silt  required  to  render  it  watertight.  When  it  is  placed 
elose  to  the  point  of  bifurcation,  the  currents  and  floating  ice 
are  likely  to  damage  its  construction;  and,  moreover,  the 
length  in  such  positions  is  considerably  increased.  The  only 
general  rule  appears  to  be,,  that  the  dam  should  be  placed 
sufficiently  near,  but  below  the  extremity  of  the  island,  to 
allow  the  alluvial  deposit  to  reach  it  easily. 

A  very  important  observation  is  to  be  made  with  respect  to 
the  diversion  of  the  waters  of  secondary  branches  into  the 
main  stream ;  namely,  that  the  depth  of  the  latter  will  be 
but  slightly  increased  if  the  river  flow  freely,  because  the 
volume  of  water  discharged  increases  more  rapidly  than  the 
height.  Observations  upon  the  meeting  of  rivers  pointed 
attention  originally  to  this  law,  and  theoretical  reasoning 
confirms  it.  Some  interesting  facts  connected  with  this 
subject  will  be  cited  hereafter ;  but  it  may  be  now  observed 
that  the  effect  of  any  dam  or  dyke  which  offers  an  obstacle 
to  a  current  is  to  produce  a  contraction  of  the  waterway, 
causing  the  plane  of  the  water  to  rise  on  the  up  side  and  to 
lower  on  the  down  side.  The  inclination  of  the  surface  in 
the  portion  so  contracted  is  naturally  increased,  and  it  is 
possible  that  it  may  be  so  to  such  an  extent  as  to  interfere 
seriously  with  the  navigation.  If  the  bed  of  the  river  itself 
be  of  a  light  and  easily-moved  nature,  it  is  equally  possible 
that  the  increased  velocity  of  the  current  may  deepen  it ; 
but,  under  ordinary  circumstances,  the  materials  thus  re- 
moved are  only  displaced,  for  they  are  deposited  in  the  lower 
part  of  the  course,  where  the  river  in  fact  begins  again  to 
widen  out  to  its  natural  dimensions.  The  practical  rules 
usually  admitted  by  engineers  in  works  connected  with  the 
narrowing  of  rivers  for  the  purpose  oi  incToaii^Vxi^  V2ti<^  ^«^^ 
may  he  briefly  stated  to  be  as  follows : — 


198  THE   RUDIMENTS  OF   CIVIL   ENGINEERING. 

1.  The  longitudinal  dyke  should  never  he  carried  to  a 
height  above  the  mean  level  of  the  water  in  the  river ;  the 
usual  height  above  low  summer  water  level  is  2  feet ;  during 
floods  they  should  be  entirely  under  water.  2.  The  velocities 
of  the  different  channels  vary  in  the  inverse  ratio  of  the  cube 
roots  of  their  widths.  8.  The  cubes  of  the  heights  are  in 
the  inverse  ratio  of  the  widths  of  the  beds.  4.  As  much  as 
possible  it  is  advisable  to  preserve  the  natural  waterway,  and 
to  make  the  capacity  of  the  narrowed  pass  equal  to  that  of 
the  ancient  bed  in  such  portions  as  are  free  from  irregu- 
larities. If  it  be  necessary  to  displace  the  river,  it  should  be 
directed,  in  preference,  to  the  bank  or  portion  of  the  channel 
most  likely  to  yield  to  the  scouring  action  of  the  waters. 

The  attention  of  engineers  was  called  to  the  peculiar  phe- 
nomena connected  with  the  junction  of  rivers  by  a  very 
remarkable  letter  or  report  by  Gennete,  an  Italian  engineer, 
addressed  to  M.  de  Raet,  burgomaster  of  the  city  of  Leyden, 
about  the  year  1755.  In  this  letter  he  showed  that  a  large 
watercourse  could  receive  all  the  water  brought  into  it  by  an 
affluent  of  considerable  volume,  without  any  sensible  augmen- 
tation of  the  height  of  the  water  line,  or  without  any  increase 
in  the  width  of  the  bed.  The  reason  he  assigned  for  this 
was,  that  at  the  same  time  that  the  volume  was  increased  the 
velocity  was  augmented  in  such  a  proportion  as  to  compen- 
sate for  the  effects  it  would  be  natural  to  expect  under  the 
above  circumstances.  At  the  same  time  he  showed  that  the 
formation  of  new  channels  would  not  lower  the  water  line  in 
any  main  stream,  but  only  retard  its  velocity.  He  cited  in 
confirmation  of  his  views  the  facts  that  the  Danube,  after 
receiving  the  Inn,  neither  increased  in  width  nor  in  depth  ; 
nor  did  the  Rhine  occupy  a  larger  bed  in  passing  through 
Cologne,  after  receiving  the  Moselle,  thaQ  it  did  in  the  upper 
part  of  its  course.  On  the  other  hand,  he  observed  that  the 
Mbine,  near  its  dmbonchare,  divides  into  the  several  branches 
of  the  Waal,  the  Yessel,  and  the  Binne  i^to^et^mVltiQra^^Ti^ 
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sensible  depression  of  the  water  line  either  in  the  parent 
stream  or  in  the  branches.  It  may  be  interesting  to  observe 
here  that  it  has  been  observed  also  in  America,  that  the 
width  of  the  Mississippi  after  the  junction  with  the  Ohio  is 
even  less  than  that  of  the  former  river  above  the  point  of 
jimction. 

A  cursory  examination  of  a  map  will  show  that  the  law 
which  appears  to  regulate  the  formation  of  the  deltas  or 
allavial  deposits  at  the  mouth  of  all  great  rivers  is,  that  these 
divide  into  a  series  of  subsidiary  branches  before  falling  into 
the  sea,  and  that  they  almost  always  project  beyond  the  line 
of  the  sea-shore,  forming,  as  it  were,  projecting  promontories 
of  a  rounded  outline  connected  with  the  original  line  of 
coast :  the  Volga,  Danube,  Rhine,  Rhone,  Po,  Nile,  and  the 
Mississippi,  (Ganges,  Irrawaddy,  &c.,  may  be  mentioned  as 
fllnstrations.  The  lands  around  these  deltas  are  flat  and 
marshy,  and  consist  of  sand  and  mud ;  the  channels  wind- 
ing through  them  are  shallow,  and  exposed  to  change  in 
their  direction  and  volume  without  any  apparent  cause. 
The  rate  of  deposition  depends  upon  circumstances  equally 
beyond  ordinary  calculation,  and  varies  in  every  particular 
river. 

The  formation  of  these  deltas  arises  from  the  deposition  of 
the  matters  brought  down  from  the  upper  portions  of  the 
river  courses,  caused  by  the  di£ference  in  the  specific  gravi- 
ties of  the  fresh  and  salt  waters,  and  the  annihilation  of  the 
onward  movement  of  the  former  by  the  tides  or  the  littoral 
currents  of  the  latter.  The  tendency  to  the  deposition  of 
alluvions  is  also  increased  by  the  diminished  inclination  and 
velocity  of  the  rivers  near  their  mouths,  and  in  some  cases 
this  diminution  is  sufficient  to  cause  the  rivers  to  overflow 
the  lands  above  the  delta  itself,  so  as  to  render  it  difficult  to 
ascertain  its  precise  limits.  The  formation  of  the  sub- 
fddiary  branches  noticed  in  the  deltas  is  to  b^  ^\.\x\W\j^^  V:^ 
ibe  re£ax  of  the  waters  in  the  mean  ch&invf^)  ^tA  >()[ie^  ^slv^ 
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the  moBt  DomeronB  id  the  deltas  which  advance  with  the 
greateet  »piditf  and  occupy  the  greatest  areas.  Bnt  if  tha 
littoral  current  rnn  with  great  velocity  and  transport  any 
allnvions,  it  wiU  give  rise  to  bars  at  the  month  of  the 
branches ;  if  it  be  free  from  alluvions,  it  will  disperse  the 
materials  it  may  detach  from  the  extremities  of  the  deposit, 
or,  deflecting  the  line  of  oatflow  of  the  river,  it  will  give  rise 
to  a  delta  following  the  direction  of  the  resoltant  of  the  two 
forces.  Occasionally  also  the  tidal  waves  will  give  rise 
to  a  bar  across  the  mouths  of  the  branches  at  the  points 
where  they  begin  to  neotralise  the  outward  flow  of  the  soft 

The  majority  of  the  English  rivers  lall  into  the  sea  at  the 
bottom  of  large  open  bays,  and  in  those  cases  the  deposition 
of  the  fresh  and  salt  water  allavions  takes  place  in  the  form 
of  hanks  or  shoals  in  those  portions  of  the  bay  where  the 
respective  currents  of  the  sea  and  of  the  river  meet.  These 
shoals  vary  constantly  in  their  outline  and  position  in  such 
rivers  as  the  Thames  and  the  Severn,  and  in  the  Seine, 
Loire,  and  Garonne  in  France ;  and  form  very  serious  im- 
pediments to  the  navigation.  In  many  other  cases,  as  in 
the  rivers  upon  the  Snffolk  and  Norfolk  coast,  and  npon  the 
sonthem  shores  of  England,  the  deposits  take  place  across 
the  mouths  of  the  rivers,  according  to  the  law  noticed  in  the 
last  pangraph.  Bnt  it  is  to  be  observed  that,  although  thoso 
bars  diminish  the  depth  of  water  immediately  over  them,  the 
river  above  may  often  retun  a  very  considerable  depth ; 
indeed  the  effect  of  the  bar  is  often  precisely  analogous  to 
that  of  a  dam.  Thus,  the  Rhone  has  rarely  a  depth  of  more 
than  6  feet  6  inches  in  the  passes  of  its  delta,  whilst  at  Aries 
the  depth  is  not  less  than  43  feet.  At  the  mouth  of  the  Po 
di  Volano  the  pass  has  only  a  depth  of  2  feet  6  inches,  whilst 
sboat  seven  miles  further  up  the  depth  is  not  loss  than  10 
feet;  and  the  aame  fact  hae  been  observed  at  the  mouths  of 
tba  Nile  and  of  tbo  Mississippi,  but  to  &  iat  ^B&Wt  %iAa\i!>.. 
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At  the  janction  of  streams  in  the  interior,  the  same  phe- 
nomena may  he  observed  to  take  place  as  those  'which  have 
been  already  noticed  as  occurring  on  the  sea-shore,  although 
of  coarse  upon  a  very  diminutive  scale.  Should  one  of  the 
conflaents  bring  down  much  alluvial  matter,  and  flow  with 
considerable  velocity  into  a  stream  of  a  different  character, 
the  deposit  may  take  place  either  in  the  fan-like  shape  of  a 
delta  or  as  a  bar ;  and  in  the  former  case  it  is  possible  that 
the  stream  may  divide  into  a  number  of  branches,  whilst  in 
the  latter  the  relative  depths  of  water  over  the  bar  and 
above  it  may  present  all  the  essential  conditions  of  those 
connected  with  rivers  discharging  into  the  sea.  But  the 
absence  of  the  tidal  action  gives  a  greater  fixedness  and  sim- 
plicity of  character  to  the  manner  in  which  these  deposits 
are  effected,  and  consequently  allow  of  their  being  treated 
with  greater  comparative  facility,  whenever  it  is  desired  to 
improve  the  navigation  of  a  river  previously  obstructed  by 
them.  But  it  must  always  be  borne  in  mind,  whether  it  be 
a  question  of  combating  the  natural  operations  of  the  laws 
affecting  the  flow  of  large  or  of  small  streams,  whether 
strictly  inland  or  in  estuaries,  that  unless  some  other  natural 
law  of  the  same  class  be  made  to  counteract  the  particular 
one  producing  the  state  it  is  desired  to  remedy,  all  engineer- 
ing contrivances  or  mechanical  operations  will  either  be  vain, 
or  at  most  produce  but  a  temporary  effect.  Nature  must,  in 
facif  be  made  to  correct  itself. 

If,  therefore,  it  be  desired  to  obviate  the  inconvenience 
arising  from  the  deposition  of  the  alluvial  matter  across  the 
embouchure  of  an  affluent  into  a  greater  stream,  and  this 
deposition  be  found  to  be  caused  by  the  annihilation  of  the 
velocity  of  the  affluent,  in  consequence  of  the  greater  velocity 
of  the  main  stream,  the  only  effectual  mode  of  proceeding 
would  be,  to  increase  the  velocity  of  the  affluent  by  diminish- 
ing its  bed ;  or  perhaps,  if  it  follow  a  deviowA  ^^o^vx^^^Xs^ 
inereasiDg  the  fall  by  means  of  a  nevy  ani.  ^\iOiWc  OosKosi^* 
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It  would  also,  in  some  cases,  be  possible  to  effect  the  desired 
object  by  forming  an  artificial  embouchnre  at  some  other 
point  on  the  river,  where  the  regime  of  the  main  stream 
might  be  very  different.  But  whatever  precise  details  be 
adopted,  they  must  resolve  themselves  finally  into  the  means 
of  securing  an  equality  of  velocity  in  the  confluent  rivers, 
and  so  directing  the  respective  axes  of  their  flow  as  to  pre- 
vent the  stream  of  the  one  from  setting  across  the  line  of 
the  other. 

Should  the  deposit  assame  the  form  of  an  ordinary  delta, 
and  give  rise  to  a  subdivision  of  either  or  both  the  rivers 
into  a  series  of  small  branches,  the  best  course  to  adopt  is, 
to  form  new  beds  for  the  waters  brought  down,  of  such 
sectional  area  and  inclination  as  to  insure  tbe  meeting  of  the 
respective  streams  under  those  conditions  which  would  allow 
the  alluvial  matters  to  deposit  themselves  upon  lines  of  direc- 
tion corresponding  with  the  resultant  of  the  two  new  chan- 
nels. As  the  tongue  of  land  thus  formed  would  continue  to 
advance,  it  would  be  necessary  to  provide  for  the  inevitable 
changes  it  would  superinduce  upon  the  point  of  junction. 

On  the  sea-coast,  if  it  be  desired  to  lower  the  water  line  in 
the  branches  of  a  delta,  Genn^t^'s  experiments,  and  all  sub- 
sequent experience,  show  that  the  most  efficient  method  of 
proceeding  is,  to  increase  the  velocity  of  flow  by  causing  a 
greater  volume  of  water  to  pass  through  a  given  channel  in 
the  same  period  of  time,  rather  than  by  increasing  the  sur- 
face of  the  waterway.  This  is  especially  the  case  when  the 
bottom  of  the  river  is  composed  of  a  material  capable  of 
being  easily  removed,  because  the  bed  itself  will  be  lowered 
in  consequence  of  the  increased  transporting  power  of  the 
water.  Evidently  then,  in  such  positions,  the  width  of  the 
subsidiary  channels  is  the  only  element  which  is  susceptible 
of  modiBoaiion  by  artificial  means,  at  least  economically,  and 
//  should  in  all  cases  be  reduced  aB  mvxc\i  ^%  i^o^^lble.  All 
the  small  branches  whicli  can  oou^em^iiVX'^  ^>^  ^^^Y^'t^'Ok^^^ 
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should  be  closed,  so  as  to  concentrate  all  the  action  of  the 
water  upon  the  channels  it  is  proposed  to  retain  for  the  pur- 
poses of  navigation.  These  remarks  are  principally  made 
with  reference  to  tideless  seas  ;  the  difference  in  the  system 
to  be  adopted  where  the  range  of  the  tides  is  considerable  is 
sabstantially  nnimportant,  and  will  be  mentioned  hereafter. 

In  the  case  of  a  bar  formed  across  the  month  of  a  river  on 
the  sea-shore,  human  means  are  almost  powerless  if  the 
littoral  current  bringing  the  alluvions  be  strong,  and  not 
susceptible  of  being  diverted.  To  a  certain  extent  it  is 
possible  to  augment  the  depth  of  water  above  the  bar  by 
concentrating  the  outflow  of  the  river,  and  guiding  it  by 
means  of  parallel  banks  in  such  a  manner  as  to  direct  the 
scouring  action  of  the  land  water  so  that  it  should  remove 
the  alluvions  either  in  the  deep  sea  or  again  into  the  littoral 
current  which  should  carry  them  further  on.  But  the  suc- 
cess of  such  measures  will  only  be  temporary,  and  the 
history  of  the  ports  of  Bye,  Dunkirk,  Aigues-Morte,  and 
others,  show  that  it  is  hopeless  to  endeavour  to  struggle 
against  the  ceaseless  unwearying  operations  of  nature.  New 
channels  may  be  carried  out  through  a  bar,  and  for  a  time 
kept  clear  by  the  scour  of  the  upland  waters  and  by  dredg- 
ing ;  but  sooner  or  later  the  angle  between  the  original  out- 
line of  the  bar  and  the  projection  of  the  new  channel  becomes 
filled  in,  and  if  the  littoral  current  should  not  then  be  able  to 
sweep  off  the  alluvions  carried  to  the  front  of  the  pass,  the 
bar  will  begin  to  reform.  The  pass  or  channel  must  then  be 
carried  further  out  to  sea,  or  kept  open  artificially  at  a  con- 
stant and  excessive  cost.  It  is  possible  to  direct  the  tidal 
action  in  some  positions,  so  as  to  produce  considerable  modi- 
fications in  the  ordinary  laws  affecting  bars,  in  the  following 
manner,  which  is  applicable  to  either  of  the  cases  con- 
nected with  the  entrances  to  rivers  hitherto  considered. 

In  the  lower  zones  of  rivers  exposed  U>  Wfli^X  «l.cM\^ti^  VX^^ 
depth  of  the  nnvigahlo  channel  may  be  VacTet^ed  Vj  <i^x3«Nxv% 
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a  larger  volame  of  water  to  enter  with  the  flood,  and  con- 
fining  its  outflow  daring  the  ebh  within  the  limits  of  the 
channel.  If  then  a  river  divide  into  several  branches,  the 
subsidiary  ones  may  be  closed  by  means  of  dams,  with 
sluices  opening  only  with  the  flood,  and  so  arranged  that 
the  water  thus  introduced  into  the  secondary  channels  shall 
be  forced  to  escape  by  the  one  it  is  proposed  to  deepen. 
This  object  may  also  occasionally  be  efiected  by  causing 
the  secondary  channels  to  derive  their  supplies  from  the 
principal  one  at  some  point  on  the  up  stream ;  but  it  will 
generally  be  found  that  in  such  cases  the  velocity  of  the  ebb 
tide  will  be  inconveniently  great  for  the  ordinary  purposes 
of  navigation.  In  fact  the  secondary  channels  would  become 
sluices,  whose  waters  would  act  to  scour  the  pass.  The 
advantage  proposed  to  be  gained  in  these  instances  is  to  be 
found  in  the  fact  that  a  large  quantity  of  water  is  forced  to 
flow  through  a  narrow  channel,  and  the  velocity  is  conse- 
quently increased,  thereby  enabling  the  river  to  remove  the 
lighter  materials  of  which  its  bed  is  composed.  But  the 
whole  success  of  works  intended  to  produce  these  results 
must  depend  upon  the  relative  proportion  of  tidal  water 
which  can  be  made  to  enter,  or  upon  the  increase  of  velocity 
in  the  outflowing  stream.  It  follows,  therefore,  that  any 
diminution  of  the  water  surface  at  high  tide  is  likely  to 
aflect  seriously  the  power  of  a  river  to  maintain  a  clear 
navigable  channel,  unless  the  latter  be  contracted  at  the 
same  time  in  a  corresponding  degree. 

The  results  obtained  at  Nieuwe  Diep,  upon  the  Clyde,  tbo 
Dee,  the  Thames,  and  the  Seine,  confirm  what  has  been 
above  stated ;  and,  moreover,  the  practical  deductions  to  be 
made  from  them  appear  also  to  warrant  the  assertion  that  it 
is  preferable  to  obtain  the  increased  scouring  action  of  the 
tide  by  forcing  the  water  to  flow  higher  up  the  river,  rather 
iban  to  allow  it  to  spread  near  the  embouchure.  The  works 
of  Nienwe  Diep  have  already  been  dc>»ct\\)e^  \  ^(Jcko^^  \\.^<^\!k. 
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the  Clyde  and  the  Dee  and  the  Bihble  have  consisted  in  the 
erection  of  longitudinal  dykes  parallel  to  the  axis  of  the 
rivery  retaining  the  stream  within  a  narrow  channel  daring 
the  latter  portion  of  the  ebb,  and  in  the  removal  of  obstmc- 
tions  to  the  propagation  of  the  tide  wave  to  a  greater  dis- 
tance from  the  emboachnre  than  it  had  previously  obtained. 
In  the  Thames,  the  removal  of  the  Old  London  Bridge, 
which  acted  as  a  dam  to  the  tide,  has  been  attended  by  an 
increase  in  the  duration  of  the  flood,  and  an  increase  of 
depth  at  high  water  varying  from  1  foot  8  inches  at  Ted- 
dington  to  nearly  7  feet  at  Blackfriars  Bridge.  In  the 
Seine,  the  concentration  of  the  tidal  action,  by  means  of  the 
lateral  banks  lately  formed  between  Caudebec,  Yillequier, 
and  Quilleboeuf,  has  deepened  the  river  a  little  more  than 
9  feet,  partially  destroyed  the  bore,  and  increased  the  dura- 
tion of  the  flood  tide  one  hour.  Nor  does  there  appear  to 
be  any  reason  why  these  results,  so  advantageous  to  the 
interests  of  commerce,  should  not  be  further  developed,  if 
the  existing  obstacles  to  the  propagation  of  the  tide  wave 
into  the  interior  were  removed  upon  the  two  last-named 
rivers. 

Precisely  opposite  results  have  attended  the  diminution  of 
the  scouring  reservoirs  naturally  existiug  beyond  the  channel 
of  the  port  of  Ostend.  The  marshes  or  low  lands,  there 
flooded  at  every  high  tide,  have  been  gradually  reclaimed, 
and  as  the  channel  was  not  carried  further  up  into  the 
country,  so  as  to  create  an  artificial  backwater  whose  con- 
ditions of  discharge  should  replace  those  under  which  the 
waters  over  the  low  lands  escaped,  the  silt  brought  into  the 
mouth  of  the  harbour  by  the  littoral  current  has  considerably 
diminished  the  depth  in  the  entrance.  Dredging  and  sluicing 
have  been  resorted  to  in  vain,  although  conducted  with  all 
the  practical  skill  and  persevering  energy  of  the  Dutch  and 
Belgian  engineers.  For,  however  powerixiX  \Xi^  ^^e^X^  ^\ 
Blaiees  may  be,  they  are  far  inferior  to  ttxo^  ol  VXi^  ^\atq»X.^ 
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currents  of  the  flood  and  ebb  tides  spreading  over  large 
spaces.  Great  circumspection  must  therefore  be  exercised, 
and  long,  elaborate,  and  skilful  investigation  made,  before 
any  port  or  river  is  deprived  of  the  scouring  action  of  the 
tides.  The  alluvial  deposits  may  perhaps  tend  naturally  to 
diminish  or  to  destroy  this  action ;  but  it  must  be  retained 
as  long  as  possible,  and  our  efforts  directed  at  all  times 
rather  to  increase  than  to  diminish  its  power. 

[Mr.  D.  Stevenson  classifies  the  upper,  middle,  and  lower 
sections  of  rivers  as  three  compartments.  1st.  The  seaward 
compartment,  or  the  **  sea  proper,"  the  estuary,  in  which 
the  tides  resemble  the  tides  of  the  adjoining  sea.  2nd.  The 
tidal  compartment,  in  which  the  pheuomena  of  ebbing  and 
flowing  take  place,  but  in  which  the  times  of  ebb  and  flow 
do  not  remain  couBtant,  the  time  of  the  ebb  gradually  gain- 
ing upon  that  of  the  flow,  and  the  duration  of  low  water  is 
gradually  protracted  in  proceeding  up  the  river  until  the  in- 
fluence of  the  tide  vauishes.  8rd.  The  river  proper  com- 
partment, the  characteristic  of  which  is  the  total  absence  of 
ebbing  and  flowing,  the  river  at  all  times  pursuing  its  down- 
ward course  in  an  uninterrupted  stream  and  at  an  unvaryiog 
level,  except  in  so  far  as  it  may  result  from  the  changes  due 
to  land  floods. 

Noticing,  first,  the  uppermost  section  of  rivers,  the  en- 
gineering works  may  be  said,  in  general  terms,  to  consist 
chiefly  of  weirs  built  across  the  stream,  by  which  the  water  is 
dammed  up  and  forms  stretches  of  canal  in  the  bed  of  the 
river,  with  cuts  and  locks  connecting  the  different  reaches. 
In  this  manner,  according  to  Mr.  Stevenson,  the  river  Schuyl- 
kill, in  Pennsylvania,  was  rendered  navigable.     Thirty-four 
dams  were  constructed  in  the  bed  of  the  stream,  so  as  to 
jvise  the  level  of  the  water  and  convert  the  river  into 
M  rettcbea  ofmmgahle  water,  varying  in  length  according  to 
ibe  rise  in  the  hed  of  the  river.    The\>«cge^  ^^^^^^^^mK^ci^ 
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snccessive  reaches  through  a  short  side  cut  at  the  end  of  the 
dam,  in  which  there  is  a  canal  lock  of  the  ordinary  constmc- 
tion.  The  navigation  is  upwards  of  100  miles  in  length, 
traversed  hy  hoats  of  60  tons  hurthen. 

The  same  plan  has  heen  followed  in  the  improvements  of 
the  river  Lea  hy  Mr.  Rendel  and  Mr.  Beardmore ;  also  hy 
Sir  William  Cubitt  on  the  upper  part  of  the  river  Severn, 
where  the  river  has  been  divided  into  four  reaches,  having  a 


Fig.  126.— Dams  on  the  river  Severn. 

depth  of  6  feet,  with  side  cuts  and  locks  having  a  lift  of 
8  feet  each. 
The  dams  or  weirs  constructed  for  arresting  and  raising 


Kg.  127.— Weir. 

the  waters  of  rivers  are  works  which  demand  careful  con- 
sideration in  their  design.  The  dams  on  the  Schuylkill  and 
other  American   rivers  are  formed  of  timber  frame-work 


Fig.  128 —Weir. 

filled  with  rubble.      The  dam  at  Philadelphia  was  formed 

in  separata  compartments   or  frames,  eaiciVi  ol  ^\i<E3t\.  ^^& 

£0  feet  in  breadth  of  face,  and  72  feel  ieo^  \iQ>Ta.cni\^l 
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Tbey  were  filled  with  stones,  and  sank  in  the  line  of  the  dam. 
The  frames  or  cribs  were  constructed  of  logs  18  or 
20  inches  square,  strongly  dovetailed  together,  covered  with 
planking  6  inches  thick.  The  upper  parts  of  the  cribs  were 
connected  together  so  as  to  form  a  continuous  structure,  and 
the  whole  dam  was  backed  by  a  mass  of  heavy  rubble.  This 
dam  was  strong  enough  to  withstand  without  injury  the 
force  of  a  flood  going  8  feet  deep  over  the  crest. 

The  dams  or  weirs  constructed  by  Sir  William  Cubitt  on 
the  Severn,  Fig.  126,  were  made  of  pile-work  and  rough 
masonry.  He  decided  to  make  the  weirs  of  a  length  equal 
to  three  times  the  width  of  the  channel,  and  instead  of 
placing  them  at  right  angles,  as  in  Fig.  127,  he  placed  them 
obliquely,  as  shown  in  Fig.  128.] 
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We  shall  commence  with  the  simplest  case,  that  of  two 
beams,  ab  and  ao.  Fig.  129,  resting  against  each  other  at 
their  upper  extremities,  and  against  two  walls  at  their  lower, 
and  sustaining  a  weight  suspended  from  a  ;  and  we  shall 
proceed  to  examine  the  strains,  both  on  the  beams  and  on 
the  walls,  occasioned  by  this  weight.  Let  the  weight  sus- 
pended from  A  be  represented 
by  the  line  a  d  ;  draw  d  e  paral~ 
lei  to  A  c,  and  d  f  parallel  to  a  b, 
also  E  G  and  f  u  perpendicular 
to  A  D ;  then,  by  the  principle  of 
the  parallelogram  of  pressures, 
the  strain  on  a  b  in  the  direction 
of  its  length  is  represented  by 
A  E,  and  that  on  a  c  by  a  f.  Now,  each  of  these  strains  may  be 
resolved  into  two  others,  one  acting  vertically  upon  the  wall  in 
the  direction  of  gravity,  and  the  other  acting  horizontally,  and 
tending  to  push  the  two  walls  asunder.  Thus  a  e  may  be 
resolved  into  tbe  strain  a  o  acting  vertically,  and  e  o  hori- 
zontally ;  and  a  f  into  the  strain  a  h  acting  vertically,  and  h  f 
horizontally.  Now,  the  two  triangles  a  e  g  and  d  f  h  being 
equal,  the  similar  sides  h  d  and  a  g  are  equal ;  and  therefore 
the  two  vertical  strains  a  g  and  a  h  are  together  equal  to  a  d, 
or  the  weight  suspended  from  a  ;  that  is,  Ux^  T^YioV^  ^^\^\» 
home  by  both  walls  is  equal  to  that  Buspend^^  Itoixi  k%  VoX» 
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the  amount  borne  by  each  wall  depends  upon  the  relative 
inclination  of  the  two  beams.  It  mast  farther  be  observed 
that  the  lines  e  a  and  h  f,  representing  the  strains  acting 
horizontally,  are  equal ;  that  is,  whatever  may  be  the  relative 
inclination  of  the  two  beams,  their  horizontal  thrust  against 
the  walls  is  the  same,  and  is  equal  to  that  with  which  they 
press  against  each  other  at  a.    . 

Let  Fig.  180  represent  a  system  of  framing,  composed  of 
four  beams,  united  together  in  such  a  manner  as  to  form  a 
polygon,  and  so  connected  at  the  points  c,  d,  e,  f,  and  a,  as 
to  admit  of  motion  about  those  points ;  so  that  the  beams  are 


Tig.  lao. 

not  rigidly  fixed  in  the  position  shown  in  the  diagram,  but 
are  free  to  assume  any  other  form  which  any  external  force 
applied  to  them  might  tend  to  produce.  Further,  let  us 
suppose  weights  Wi,  w,,  and  W3,  to  be  suspended  from  the 
points  D,  E,  and  f,  and  so  proportioned  to  each  other  that 
the  framing,  under  the  influence  of  the  strains  which  they 
produce,  is  in  equilibrium,  or  has  no  tendency  to  alter  its 
form.  Let  the  lines  d  (2,  s  «,  and  f/,  represent  the  weights 
Applied  at  the  points  d,  e,  and  f,  and  let  each  of  those 
weights  be  resolved  into  the  Btrains  which  they  produce  in 
ibe  two  eoDtigaons  beams,  by  conBtTUcl\n^\\i^  '^^t^^^^^xsi^ 
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DH  (ii,  B  X  6L,  and  f  h/n.  Then  the  lines  di  and  e  k  will 
represent  the  two  strains  acting  in  opposite  directions  upon 
the  beam  d  b,  and  e  l  and/  m  will,  in  like  manner,  represent 
the  two  strains  acting  similarly  upon  e  f.  Now,  since  the 
whole  system  is  in  equilibrium,  and  all  its  parts  free  to  move, 
it  follows  that  each  of  its  several  parts,  and  therefore  the 
beams  d  e  and  e  f,  must  also  be  in  equilibrium ;  such  being 
the  case,  it  results  that  the  strain  represented  by  d  i  must  be 
equal  to  that  represented  by  e  k,  otherwise  the  beam  d  e 
would  move  in  the  direction  of  the  greater  strain,  and,  in 
like  manner,  the  strain  e  l  must  be  equal  to  f  m.  Now,  let 
each  of  these  strains  be  resolved  into  two  others,  acting 
vertically  and  horizontally ;  then  will  the  latter  be  repre- 
sented by  the  lines  o  i,  p  k,  q  l,  b  m,  and  s  n.  Now,  since 
Diy  EK,  and  ejj  are  all  equal,  and  the  triangles  dio,  ekp, 
and  «L Q  are  similar,  the  lines  o i,  p  e,  and  q l,  and  therefore 
the  strains  which  they  represent,  must  all  be  equal.  Again, 
since  el,  fm,  and/N  are  all  equal,  and  the  triangles  elq, 
fhb,  and/Ns  are  similar,  the  lines  ql,  rm,  and  s  n,  and 
therefore  the  strains  which  they  represent,  must  all  be  equal. 
That  iSf  in  a  system  of  polygonal  framing,  whose  several  parts 
are  in  equilibrium,  tlie  horizontal  strain  or  thrust  at  all  the 
joints  is  the  same. 

Let  us  now  draw  through  i  the  line  i  t  parallel  to  e  f,  and 
the  line  i  u  parallel  to  f  o  ;  then,  since  o  i  is  equal  to  q  l,  and 
(t  I  being  parallel  to  e  l)  the  angle  elq  similar  to  t  i  o,  it 
follows  that  T I  must  be  equal  to  e  l.  In  like  manner,  s  n 
being  equal  to  o  i,  and  the  angle  f  n  s  similar  to  n  i  o,  u  i 
must  be  equal  to  f  n.  Since,  then,  the  lines  e  l  and  f  n 
represent  the  strains  on  the  beams  e  f  and  f  o,  so  do  also  the 
lines  T I  and  u  i ;  therefore  in  a  system  of  polygonal  framing 
wliose  several  parts  are  in  equilibrium,  the  strains  on  the 
geveral  beams ,  in  the  direction  of  their  lengths,  are  represented 
by  Unes  drawn  through  a  given  point  parallel  to  iKou  dvpecXvyu^^ 
andUmited  by  a  given  vertical  line. 
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In  like  maimer,  it  may  be  shown  that  the  portions  u  t  and 
T  D  of  the  vertical  line  u  d,  cut  off  by  the  lines  drawn  parallel 
to  the  several  beams,  are  eqoal  to  the  lines  f/  and  e  «,  which 
represent  the  weights  suspended  from  those  beams. 

From  the  foregoing  investigation,  we  derive  an  easy 
method  of  determining  the  several  strains  in  any  system 
of  polygonal  framing  whose  parts  are  in  equilibrium.  Let 
Fig.  181  represent  such  a  system,  kept  in  equilibrium  by  the 
weights  W|,  w,,  &c.,  suspended  from  its  angles ;  then  draw 
the  vertical  line  l  s,  and  divide  it  into  portions  l  m,  m  n,  n  o, 
&c.,  proportional  to  the  weights  Wi,  W2,  W3,  &c. ;  through  the 
points  L,  M,  N,  &c.,  draw  lines  parallel  to  the  directions  of 


Ui>ff 


Fig.  131. 

the  several  beams  a  b,  b  c,  c  d,  &c.  ;  then,  if  the  system  is  in 
equilibrium,  all  these  lines  will  intersect  in  the  common  point 
K  ;  draw  k  p  perpendicular  to  l  s,  then  will  k  p  represent  the 
horizontal  thrust  against  each  of  the  joints  b,  g,  d,  &c.  ;  the 
lines  LK,  HK,  NE,  &c.,  the  strains  in  the  direction  of  their 
length,  of  those  beams  which  they  are  severally  parallel  to  ; 
and  by  the  construction,  l  m,  mn,  &c.,  will  represent  the 
vertical  weights  on  the  several  angles,  the  whole  line  l  s 
being  equal  to  the  sum  of  all  the  weights  together.* 

*  If  the  line  x  p,  Fig.  131,  be  considered  as  radius,  then  will  the 
Iine0  LK,  M K,  Ac,  be  the  teeantt,  and  l  p,  m  p,  &c.,  the  tangents,  of 
the  MngieB  l  KPfUK  r,  ftc.    That  is,  \i  ire  m«^«  l\i<&  Korlzontal  strain 
^  BBjr  gjratem  o£  polyg^onal  framing  ^Vose  psx^  sa«  m  ^xv^iSi^Tvxmi^ 
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Equilibrium  of  Arches. 

The  foregoing  principles  contain  all  that  is  necessary  to 
the  determination  of  the  equilibrium  of  arches.  An  arch 
may  be  defined  to  be  an  assemblage  of  wedge-formed  bodies, 
the  first  and  last  of  which  are  sustained  by  a  support  or 
abutment^  while  the  intermediate  ones  derive  support  and  are 
sustained  in  their  positions  by  their  mutual  pressure,  and  by 
the  adhesion  cf  cement  interposed  between  their  surfaces. 
The  wedge-formed  bodies  a,  b,  &c.,  Fig.  182,  thus  sustained, 
are  termed  voussoirSf  the  centre  one  d,  or  that  in  the  highest 
part  or  croicn  of  the  arch,  being  called  the  key-stone;  the 
inferior  surface  of  the  arch  e  f  a  is  called  its  intradoSf  or 
sometimes  its  soffitj  but 
this  latter  term  is  some- 
times restricted  to  mean 
only  the  under  surface  of 
the  arch  at  its  key-stone  or 
crown  F ;  the  exterior  sur- 
face H  I K  is  called  its   ex- 

trades.  The  points  e  and  o,  where  the  intrados  meets  the 
abutment,  are  called  the  springings,  their  horizontal  distance 
E  o  the  span,  and  the  distance  f  l  the  rise  of  the  arch. 

Let  A,  B,  c,  &c.,  Fig.  188,  be  the  separate  stones  or 
voussoirs  of  an  arch  whose  several  parts  are  in  equilibrium. 
Now,  each  stone  is  acted  upon  by  three  forces,  namely,  the 
weight  of  itself  and  the  load  above  it  acting  in  a  vertical 
direction,  and  the  pressure  of  each  of  the  two  contiguous 
stones  acting  in  directions  perpendicular  to  their  surfaces  of 
mutual  contact ;  then,  since  these  forces  must  all  be  in  equi- 

eqnal  to  radius,  then  will  the  stTain  upon  any  bar  of  the  polygon,  in 
the  direction  of  its  lengfth,  be  equal  to  the  secant  of  the  angle  which 
it  makes  with  the  horizontal ;  and  the  weight  suspended  from  any 
joint  of  the  polygon  will  be  equal  to  the  difference  of  the  tangents 
of  the  angles  which  the  two  bars  meeting  at  that  ^oint  iabSra  -wS^NXi^ 
hojixontoL 
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librinm,  their  lines  of  direction  mnttt  all  intersect  in  some 
common  point  within  the  stone.  Let  a,  b,  g,  &c.,  represent 
these  points  in  the  several  stones  composing  the  arch  shown 
in  the  figure ;  then  if  lines  a  b,  bo,  o  d,  &c.,  be  drawn  con- 
necting these  points,  they  will  represent  the  directions  in 
which  the  stones  press  on  each  other,  aod  the  line  abo,  &c., 
is  termed  the  line  of  preuure  of  the  arch.  Now,  although 
the  pressnre  of  one  stone  upon  its  neighboor,  as  of  b  upon  d, 
is  actually  spread  over  the  whole  surface  of  the  joint  h  i,  we 
may,  vithout  in  any  way  affecting  the  question  under  con- 
sideration, suppose  the  whole  pressure  collected  id  the  point 
in  which  the  line  of  pressure  cuts  the  joint  h  i,  and  similarly 
of  all  the  other  stones ;  so  that  if  we  conceive  the  whole 
weight  of  each  stone,  and  of  the  load 
which  it  supports,  to  be  collected  in 
'  (or,  which  is  the  same  thing,  sus- 
pended front)  the  points  abc,  &d., 
and  those  points  to  he  connected  by 
inflexible  bars,  a  b,  bo,  o  d,  &c. 
(themselves  devoid  of  weight),  we 
shall  in  nowise  alter  or  disturb  the 
state  of  equilibrium  of  the  arch. 

An  arch,  thus  considered,  is  precisely  similar  to  a  polygonal 
framing  whose  sides  are  a  b,  d  a,  o  d,  &o.,  and  therefore  all 
the  principles  which  we  have  deduced  in  the  investigation  of 
the  latter  may  be  applied  to  the  arch.  This  application, 
however,  involves  the  nse  of  mathematical  formula  and 
terms  which  cannot  be  here  introduced,  and  we  must,  there- 
fore, content  ourselves  with  stating  the  conclasions  to  which 
they  lead ;  which  conclusions  are,  that  fur  an  arch  to  be  in 
equilibrium,  the  vertical  depth  of  the  arch  at  any  point  must 
be  inversely  proportional  to  the  radius  of  curvature  of  the 
srcb  at  that  point,  and  directly  proportional  to  the  cube  of 
tie  line  dnwu  ptu-ullel  to  the  tangent  to  the  arch  at  that 
point.     Thua,  supposing  the  arcbin  Y\£.'V%%  V^XaXh^i^- 
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Fiff.  184. 


libriam,  draw  the  horizontal  line  p  s  parallel  to  the  tangent 
to  the  arch  at  the  crown  m,  and  through  p  draw  the  line  p  q 
parallel  to  n  o  the  tangent  to  the  arch  at  any  point  l  ;  then 
the  vertical  depth  b  h  at  the  crown  is  to  the  vertical  depth 
KL  at  any  point  l,  as  the  cube  of  the  line  p  s,  divided  by  the 
radios  of  the  arch  at  m,  is  to  the  cube  of  the  line  p  q  divided 
by  the  radius  of  the  arch  at  l. 

These  conditions  are  fnlfiUed  in  a  circular  arch,  by  making 
the  vertical  depth  do.  Fig.  184,  at  any 
point  o,  equal  to  the  depth  of  the  key- 
stone AB,  multiplied  by  the  cube  of  the 
radius  a  e,  and  divided  by  the  cube  of  the 
vertical  height  o  h  of  the  point  o  above  the 
diameter  fo.  In  an  ellipse  they  are  fulfilled  when  the 
vertical  depth  d  o,  Fig.  185,  over  any  point  c,  is  equal  to 
the  depth  of  the  key-stone  a  b,  multi- 
plied by  the  cube  of  ae,  half  the 
shortest  axis  of  the  ellipse,  and  divided 
by  the  cube  of  the  vertical  height  o  h 
of  the  point  o  above  the  longer  axis 
F  o  of  the  ellipse. 

The  extrados  of  a  circular  arch,  whose  parts  are  all  in 
equilibrium,  may  also  be  determined  geometrically  in  the 
following  manner : — Let  bod,  Fig.  185a,  be 
half  a  semicircular  arch,  whose  centre  is  a, 
and  BE  the  depth  of  its  key-stone;  then 
in  the  vertical  line  a  b  take  the  point  f, 
such  that  the  distance  d  f  is  equal  to  a  e, 
and  through  f  draw  the  horizontal  line  f  a. 
Then,  through  any  point  o,  draw  the  line  a  h  from  the 
centre  a,  and  through  i,  the  point  in  which  it  cuts  f  o,  draw 
I X  perpendicular  to  a  d  ;  then  make  a  l  equal  to  e  e,  and 
the  point  l  will  be  a  point  in  the  extrados  of  the  arch,  any 
number  of  points  in  which  may  be  determined  isi  ^  «AX£i\L'^x 
manner. 


Tig.  186. 


a 
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Fig  185a. 


316  THE    RCDIMENTS  OF   CIVIT.    ENOIN'EERINQ. 

.&II  orob  in  which  the  above  oonditioDs  are  fulfilled  is  in  a 
perfect  state  of  equilibrium,  every  portjon  of  it  is  equally 
strained,  and  do  party  has  a  tendency  to  yield  before  another. 
If  in  an  arch  so  circumstanced,  all  the  joints  of  the  vouBaoirfl 
were  perpendicular  to  the  inner  anrface,  or  mtrados  of  the 
arch,  then  would  the  line  of  presBure  pass  through  the  centre 
of  every  joint,  and  would  cut  them  all  in  a  direction  per- 
pendicular to  each.  In  practice,  however,  this  state  of 
things  seldom,  if  ever,  occurs,  the  line  of  preaBure  neither 
passing  through  the  centre  of  the  joiDts  of  an  arch,  nor  being 
perpendicular  to  them  in  direction ;  it  Ib,  therefore,  desirable 
to  examine  to  what  extent  these  conditions  may  be  deviated 
from  without  endangering  the  stability  of  the  structure. 
When  an  arch  is  in  a  state  of  perfect  equilibrium,  if  we  sup- 
pose its  abutments  incapable  of  yielding,  it  can  only  fail  in 
consequence  of  the  crushing  of  its  material,  the  cohesive 
power  of  which  is  then  the  limit  of  the  strength  of  the  arch. 
When,  however,  an  arch  is  not  in  a  state  of  equilibrium,  it 
may  fail  in  two  ways :  in  the  first  case,  the  stones  may  Blide 
upon  or  slip  past  each  other,  and  so  become  displaced  ;  and, 
in  the  second  case,  they  may  yield  by  turning  upon  some  of 
the  joints,  the  arch  separating  into  three  or  four  large  por- 
tions, as  in  Figs.  136  and  187,  and  turning  on  the  inner  and 
outer  edgee  of  certain  of  the  joints.  Now  the  vonssoirs  of 
the  arch  cannot  slide  upon  each  other  unless  the  angle  which 
the  line  of  pressure  makes  with  a  perpendicular  to  the  joint 
is  equal  to,  or  greater  than,  the  liinitiny  angle  of  resutance 
for  the  material  of  which  the  arch  is  composed,  which 
is  usually  about  80°  for  stone ;  and  as  this  is  very  much 
greater  than  the  angle  which  the  line  of  pressure  ever 
makes  with  the  perpendicular  to  the  joint,  an  arch  may 
be  considered  in  no  danger  of  giving  way  irom  the  slipping 
of  its  vonsBoirG ;  to  which  we  may  add,  that  the  adhesion  of 
the  eemeat  ioterposed  between  the  atones,  as  also  the  joggles 
^equeatly  inserted,  are  an  od^tiontA.  aftoimV.^  »,@ian,V  ^JEA 
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&ilnre  of  an  arch  from  this  canae.  The  second  mode  of 
fiuliire,  wMoh  is  also  the  most  nsnal,  takes  place  whenever 
the  line  of  preHsnre  deviates  so  lar  from  the  position  of 
eqvilibriam  aa  to  pass  entirely  out  of  the  enbstauce  of  the 
■reb,  so  bb  not  to  cnt  the  joints  at  all.  The  more  the 
line  of  pressnre  deviates  from  the  centre  of  the  joints, 
the  less  will  be  ^the  stability  of  the  arch ;  hat  so  long 
u  it  continnes  to  cnt  the  joints  no  motion  can  take  place ; 
the  moment,  however,  that  it  passes  without  the  joint, 
notion  will  take  place,  the  two  vonsaoirs  will  tnm  npon  their 
edges  nearest  to  the  line  of  pressnre,  and  the  arch  will  fiill. 
ThoB,  in  Fig.  186,  if,  by  placing  too  great  a  load  npon  the 
crown  of  the  arch,  we  altor  the  form  of  the  line  of  pressure 
nntjl  it  rises  ahove  the  estrados  at  b,  and  falls  within  the 
intradoB  at  the  points  a  and  o,  the  arch  will  separate  at  the 
nearest  joints  to  those  points  into 
fonr  portions,  which  will  turn  npon 
their  inner  edges  at  a  and  c,  and  upon 
their  outer  edges  at  b,  the  arch  sink- 
ing at  the  crown  and  rising  at  th( 
haanches.  If,  however,  there  be  e 
deficiency  of  weight  at  the'  crown,  then  the  line  of  pressure 
will  &11  within  the  intrados  at  b,  Fig.  187,  and  rise  above  the 
extrados  at  a  and  o,  the  arch  separating  as  in  the  former 
ease,  bnt  now  taming  about  the 
onter  edges  at  a  and  c,  and  about 
the  inner  edges  at  b,  the  orown 
rising  and  the  haunches  falling  in- 
We  see,  then,  that  when  we  deviate  ' 
so  far  from  the  arch  of  equilibrium  '^'  ""' 

as  to  cause    the  line  of  pressure  to   approach   uitber   the 
intrados  or  extrados  of  the  arch,  we  begin  to  endanger  its 
stability,  actual  contact  with  either  being  the  ultimate  limit  -, 
and  the  stahiiit/  of  the  arch  being  gteatet,  M  "««  nn^'b'O&a 
/too  ofpreeann  approach  nearer  to  the  eenXxa  ol  ftift  jovoSa . 
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When  an  arch  has  all  its  parts  in  equilibrium,  it  has  been 
shown,  page  211,  that  the  horizontal  strain  on  every  joint  is 
the  same,  and  therefore  the  perpendicular  pressure,  tending 
to  crush  the  key-stone  of  the  arch,  is  equal  to  the  horizontal 
thrust  against  its  abutment.  In  order  to  determine  the 
amount  of  this  strain,  let  f  a  h  i.  Fig.  188,  represent  the  centre 
voussoir  or  key-stone  of  an  arch  whose  centre  is  a  ;  let  o  b  be 
the  direction  of  the  line  of  pressure  of  this  voussoir  on  its 
neighbour,  perpendicular  to  the  joint  f  h  ;  and  let  half  the 
weight  of  the  key -stone  and  the  load  which  it  supports  be 
represented  by  the  line  b  d  ;  then  it  has  been  shown  that  the 
horizontal  pressure  on  the  joint  f  h  will  be  represented  by 
o  D ;  that  is,  as  b  d  :  the  weight  on  half  the  key-stone  : :  o  d  : 
the  horizontal  pressure  against  the  same.  Now,  the  triangle 
A  H  E  is  similar  to  the  triangle  c  b  d,  and  therefore  h  e  :  b  d  :  : 

A  E  :  c  D ;  further,  the  weight  on  half  the  key- 
stone is  equal  to  half  its  breadth  in  feet,  or 
H  E,  multiplied  by  the  weight  on  every  foot ; 
also  AE  is  the  radius  of  the  arch  at  the 
crown ;  therefore  h  e  :  h  e  multiplied  by  the 
weight  on  every  foot  of  the  key-stone  : :  the 
radius  of  the  arch*:  the  horizontal  pressure 
against  the  key-stone ;  or,  in  an  arch  in  equili- 
brium^ the  horizontal  pressure  on  the  key-stone  is  equal  to 
the  weight  on  a  foot  of  the  surface  of  the  same,  multiplied  by 
the  radius  of  the  arch  in  feet. 

The  power  of  an  arch  to  resist  the  horizontal  strain  at  the 
crown  is  proportional  to  the  depth  of  the  key-stone,  and  to 
the  cohesive  power  of  the  material  of  which  the  arch  is  com- 
posed. The  stability  of  an  arch  is,  therefore,  directly  pro- 
portional to  the  depth  of  its  key-stone,  multiplied  by  the 
cohesive  power  of  the  material,  and  is  inversely  proportional 
to  its  radius  of  curvature  multiplied  by  the  weight  on  every 
foot  ofitB  BwrtAce,* 
*  Lot  WL  he  put  for  the  ndiioui  oi  curvSitaxQ  oi  «xi  «x^  «XS\&  ^^t^-w^^ 
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In  arches  of  timber  or  iron  the  oonBtraotion  is  usually 
such  that  the  arch  is  rigid,  or  incapable  of  altering  its  form ; 
and  therefore  no  regard  is  paid  to  the  direction  of  the  line  of 
pressure,  or  to  the  equilibration  of  the  arch.  In  this  case, 
the  arch  may  be  considered  as  composed  of  two  parts,  rest- 
ing upon  the  two  abutments,  and  against  each  other  at  the 
crown ;  and,  in  order  to  determine  the  stability  of  the  struc- 
ture, it  is  only  necessary  to  consider  the  mutual  pressure  of 
the  two  parts  against  each  other  acting  horizontally  at  the 

d  for  the  depth  of  its  key-stone,  and  b  for  the  breadth  of  the  arch,  all 
in  feot ;  also  let  w  equal  the  vertical  weight  on  every  sqoare  foot  of 
the  key-stone,  including  its  own  weight,  p  equal  the  horizontal  pres- 
sure upon  the  key-stone,  and  e  the  weight  required  to  crush  a  square 
foot  of  the  material  of  the  arch,  all  in  pounds ;  then 

F  =  r3  it;  and 

the  stability  of  the  arch  will  be  proportioned   to  — ^  ,  which  ex- 

R  to 

presses  the  number  of  times  that  the  strain  upon  the  arch  is  less 

than  that  which  would  cause  it  to  yield  by  crushing  at  the  key-stone. 

The  following  table  exhibits  the  approximate  value  of  — -  for  some 

K  w 
of  the  principal  bridges. 


Bridge  carrying  the  Groat  Western  Bail 

way  over  the  Thames  at  Maidenhead 
NeuiHy  Bridge,  over  the  Seine,  at  Paris 
Bridge  of  the  Holy  Trinity,  over  the  Amo 

at  Florence 

Bridge  over  the  Dee,  at  Chester 
London  Bridge,  over  the  Thames 
Bridge  over  the  Dora  Riparia,  near  Turin 
Bridge  of  St.  Maxence,  over  the  Oise 
Waterloo  Bridge^  over  the  Thames  . 


\ 


Feet. 

169 
260 

172-63 

140 

162 

160 

121 


\ 


3 
5 

21 
22 
40 
44 
63 
^^ 
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crown,  and  the  pressure  of  each  npon  its  abutment  acting 
perpendicular  to  the  direction  of  the  same.  Thus,  suppose 
ABODE,  Fig.  189,  to  represent  half  an  iron  bridge,  o  being  its 
centre  of  gravity,  and  f  a  m  the  vertical  direction  in  which  its 
weight  acts ;  draw  f  h  through  the  centre  of  the  vertical 
joint  E  D  perpendicular  to  the  same,  and  f  i  through  the 
centre  of  the  springing  b  o  and  perpendicular  to  it ;  then,  in 
order  that  the  arch  may  be  properly  supported,  these  two 
lines  should  intersect  in  some  point  f,  in  the  vertical  line  f  m 
passing  through  the  centre  of  gravity  a ;  and  such  being  the 

case,  if  F  o  represent  the  weight  of  the 
\ji  half  arch  abode,  then  will  f  k  repre- 
^  sent  the  pressure  acting  in  the  direc- 
tion F  H  upon  the  joint  e  d,  and  f  l  will 
represent  the  pressure  acting  in  the 
direction  f  i  upon  the  abutment  b  o. 
Then,  by  similar  triangles,  fk:im::fo:fm,  and  i  m  may 
be  taken  as  equal  to  the  horizontal  distance  of  the  centre  of 
gravity  of  half  the  arch  from  its  springing,  and  f  m  as  equal 
to  the  rise  of  the  arch,  or  the  vertical  height  of  its  crown 
above  the  springing  line ;  therefore,  as  the  horizontal  distance 
of  the  centre  of  gravity  of  half  the  arch  from  its  springing  is 
to  the  rise  of  the  arch,  so  is  the  horizontal  thrust,  either 
against  the  abutment  or  at  the  crown,  to  the  weigJu  of  half 
the  arch. 


Fig.  189. 


CHAPTER  XVI. 

BRIDGES.— SELECTION  OF  SITE,  AND   DETERMINATION 

OF  THE  KIND  OF  BRIDGE. 

A  OBEAT  variety  of  ciroamstances  require  to  be  considered  in 
determiniog  the  best  position,  proportions,  and  materials  oi 
which  to  construct  a  bridge  for  any  particular  situation. 
The  most  general  and  important  object  to  be  attained  is  the 
establishment  of  a  convenient  and  permanent  means  of  com- 
munication between  the  two  opposite  shores,  with  as  slight 
an  interference  with  the  free  navigation  through  the  bridge 
as  possible ;  and  the  attainment  of  this  object  is,  in  many 
situations,  attended  with  considerable  difficulty,  inasmuch  as 
the  conditions  requisite  for  the  preservation  of  the  navigation 
are  incompatible  with  those  required  for  the  formation  of  a 
eonvenient  road.  For  example,  in  the  case  of  a  river  with 
low  banks  and  much  frequented  by  shipping,  the  construc- 
tion of  a  bridge  which  would  at  the  same  time  afford  an 
uninterrupted  passage  for  vessels  under  it,  and  a  convenient 
means  of  transit  for  vehicles  over  it,  would  be  almost  impos- 
sible ;  because,  were  the  arches  of  the  bridge  made  of  suffi- 
cient height  to  allow  vessels  freely  to  pass  through  them,  the 
level  of  the  roadway  would  be  so  much  elevated  above  that 
of  the  adjoining  banks  as  to  require  either  a  very  steep 
approach  from  both  sides,  or  long  and  expensive  embank- 
ments ;  and  if,  on  the  other  hand,  the  level  of  the  roadway 
were  so  low  as  to  remove  these  objections,  the  passage  of 
vessels  with  masts  would  be  stopped,  dudi  ^^  t^ktv.^S^^'^ 
matenaJIy  interfered  with. 
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To  remove  these  difficulties  in  such  a  situation,  it  has 
heen  suggested  to  construct  the  bridge  with  one  or  two  of 
its  arches  so  arranged  as  to  be  capable  of  being  opened,  at 
intervals,  for  the  passage  of  vessels.  But  such  an  arrange- 
ment only  mitigates  the  evil,  and  is  far  from  entirely  remov- 
ing it ;  and,  in  those  situations  where  the  traffic  over  the 
bridge  was  considerable  and  continuous,  the  periodical  stop* 
pages  occasioned  by  the  opening  of  the  passages  for  the 
navigation  would  be  extremely  inconvenient. 

The  preservation  of  a  free  channel  for  the  navigation,  and 
the  formation  of  a  convenient  means  of  communication,  are, 
however,  not  the  only  important  points  to  be  considered. 
The  effect  which  the  construction  of  the  bridge  is  likely  to 
produce  upon  the  river  itself — whether  it  would  tend  to 
increase  the  velocity  of  the  stream,  and  so  produce  a  scour 
and  washing  away  of  the  sides  and  bed  of  the  river,  and 
ultimately,  perhaps,  endangering  its  own  existence  ;  whether 
it  would  alter,  and  in  what  manner,  and  to  what  extent,  the 
existing  direction  of  the  current,  and  so  cause  the  formation 
of  eddies  and  still  water,  and  their  constant  attendants, 
shoals  and  banks  of  deposit ;  or  whether  the  obstruction  of 
its  piers  might  not,  in  times  of  floods,  by  damming  back  the 
water,  occasion  the  overflow  of  tracts  of  country  adjoining 
the  river  above  the  site  of  the  bridge — are  all  inquiries  of 
immense  importance,  which  require  to  be  duly  weighed  and 
considered  previous  to  determining  the  proportions  which 
ought  to  be  given  to  the  several  parts  of  the  structure. 

There  are  three  different  kinds  of  bridges,  namely,  those 
of  masonry,  those  of  iron  or  timber,  and  those  on  the  sus- 
pension principle,  each  of  which  is  peculiarly  adapted  for 
certain  situations  and  circumstances ;  and,  therefore,  the 
kind  of  bridge  to  be  adopted  is  also  a  point  to  be  considered 
m  the  first  stage  of  the  investigation,  although  there  are 
certain  Bitu&tionB  for  which  one  kind  of  bridge  would  be  as 
well  suited  aa  another,  in  which  ca&e^  ^^  f!^\i.o\!^\^^Q>\si»^ 
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merely  one  of  taste,  or  is  determined  by  pecnniary  con- 
siderations. 

With  regard  to  the  selection  of  the  best  site  for  a  bridge, 
in  many  cases  very  little  room  is  left  for  the  exercise  of  the 
engineer*s  jndgment  in  the  matter,  the  position  of  the  bridge 
being  determined  by  other  circumstances,  such  as  the  neces- 
sity of  joining  two  existing  roads,  or  of  avoiding  interference 
with  existing  establishments  on  the  river*s  banks.     Where, 
however,  the  choice  of  its  position  is  left  with  the  engineer, 
it  becomes  necessary  for  him  to  make  a  careful  personal 
inspection  of  the  locality,  to  have  the  banks  of  the  river 
accurately  surveyed,  as  well  as  soundings  taken  of  the  depth 
of  the  river  at  uniform  distances  apart,  and  borings  of  the 
nature  of  the   strata  composing  its  bed.     In  addition  to 
which,   he   should  inform  himself  of  the  velocity  of  the 
stream,  the  height  of  the  water,  and  the  quantity  passing 
down  the  river  at  all  times  and  seasons  of  the  year,  as  well 
as  the  nature  and  extent  of  the  trade  carried  on  upon  it. 
Prepared  with  these  data,  he  will  be  in  a  position  properly 
to  consider  the  subject,  and  to  arrive  at  correct  conclusions. 
In  the  infinite  number  of  different  cases  and  varying  circum- 
stances which  may  arise  in  practice,  it  would  be  impossible 
to  lay  down  any  general  laws  upon  this  subject,  but  the  fol- 
lowing hints  will  be  found  of  service  in  guiding  to  a  correct 
determination.     That  part  of  the  river  should  be  selected 
whose  course  is  straightest,  bends  and  sharp  turns  being 
very  unsuitable  situations   for   a  bridge,  because  at  such 
parts  the  stream  is  usually  irregular,  and  not  parallel  to  the 
river's  banks ;  and  unless  the  piers  of  the  bridge  were  placed 
parallel  to  the  direction  of  the  stream,  which  in  such  a  situa- 
tion they  could  hardly  be,  they  would  offer  a  much  greater 
obstruction  to  the  motion  of  the  water,  occasion  eddies  and 
shoals  below  the  bridge,  be  liable  to  be  undermined  by  the 
action  of  the  stream  acting  only  on  one  side  of  the  ^ifix<^  «sl<1 
endanger  the  sAfety  of  vessels  naviga\aiig  ^<^  t^^i  \^1  K^^\^ 
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tendency  to  be  carried  against  the  piers.  For  the  same 
reasons,  the  bridge,  if  possible,  should  cross  the  river  at 
right  angles  to  the  coarse  of  the  stream,  and,  if  this  be  pre- 
vented by  circumstances,  the  piers  must  still  be  placed 
parallel  to  the  stream,  and  making  an  angle  with  the  direc- 
tion of  the  bridge.  An  arch  so  constructed  is  termed  a  skew 
arch,  and  the  angle  formed  by  the  sides  of  the  piers  and  a 
line  perpendicular  to  the  direction  of  the  bridge  is  termed 
the  angle  of  skew,  and  should  not  exceed  seventy  degrees. 
Not  only  must  the  engineer,  however,  be  careful  to  con- 
struct his  piers  in  such  a  manner  as  not  to  alter  the  direction 
of  the  stream,  he  must  also  see  that  its  velocity  is  not  mate- 
rially increased,  which,  if  the  bed  of  the  river  is  of  a  soft  or 
l90se  nature,  would  cause  it  to  be  rapidly  scoured  away, 
and,  by  undermining  the  foundations  of  the  bridge,  in  time 
endanger  its  stability.  The  following  table,  taken  from  the 
Edinburgh  EncyclopiBdia,  exhibits  the  velocity  of  stream, 
which,  under  ordinary  circumstances,  the  various  descrip- 
tions of  soil  enumerated  are  capable  of  resisting. 


The  ordinary  nature 
of  current. 


y&rr  slow 

Oliaing 

Gentle  

Beffular , 

Ordinary  velocity , 

Extraordinary    and     rapid  I 

floods I 

Extraordinary   floods    and ) 

joapids ) 

Torrents  and  oataraotfl  


Velc 
In  feet 

(City. 

In  miles 

per 

per 

second. 

hour. 

0-26 

0*171 

0-50 

0-841 

1-00 

0682 

2-00 

1*864 

8-00 

2-046 

8-35 

2^84 

8*46 

2*352 

8-55 

2-420 

9*86 

6-728 

Materials  that  recast  these  Te- 

lodties,  and  yield  to  more 

powerful  ones. 


Wet  ground,  mud. 

Soft  clay. 

Sand. 

Grayel. 

Stony. 

Broken  stones,  flints. 

Colleoted  pebbles,  soft  sohiflts. 
Beds  of  rocks. 
Hardened  rocks. 


It  should,  however,  be  observed,  that  the  scouring  influ- 
ence of  rivers  depends  not  only  on  the  velocity  with  which 
they  move,  but  also  upon  the  depth  or  weight  of  water  resting 
apaa  their  bed.     The  reason  of  this  will  be  readily  under- 
^fiood  if  we  eonader  that  the  watoT  ac\B  ui^ii  V^^  T&&\»^f\fi\% 
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eomposing  the  bed  of  the  river  by  its  friction  very  mnch  in 
the  same  manner  as  a  solid  body  would ;  and  it  therefore 
follows  that  the  more  heavily  the  water  is  pressed  against 
the  ground,  the  greater  will  be  its  friction,  and  the  more 
powerful  its  scouring  agency ;  in  addition  to  which,  when 
the  depth  is  considerable,  the  increased  pressure  of  the 
water  causes  it  the  more  readily  to  insinuate  itself  into  the 
interstices  of  the  strata,  which  it  thus  loosens  and  assists  in 
breaking  up.  It  is,  however,  only  in  the  first  act  of  break- 
ing up  the  bed  of  the  river  that  an  increase  of  the  depth  of 
water  influences  and  increases  its  scouring  effect ;  the  power 
of  the  water  to  carry  or  roll  onward  the  matters  which  it 
has  torn  up  depends  only  upon  its  velocity,  always  suppos- 
ing that  the  quantity  of  the  water  is  such,  that  its  momentum 
is  not  influenced  by  the  resistance  of  these  matters,  and  that 
the  depths  are  within  such  limits  that  the  specific  gravity  of 
the  water  is  not  materially  increased  by  compression. 

The  most  important  point  claiming  the  attention  of  the 
engineer,  as  for  as  the  stability  of  the  bridge  is  concerned,  is 
to  obtain  a  secure  and  unyielding  foundation  for  the  piers 
and  abutments,  such  as  will  safely  support  the  superincum- 
bent weight  of  the  bridge  and  its  load,  and  is  not  likely  to  be 
affected  or  disturbed  by  changes  in  the  bed  of  the  river,  or 
other  circumstances. 

It  may  here  be  generally  observed,  that  while  bridges  of 
masonry  are  best  adapted  for  the  support  and  conveyance 
of  heavy  and  continuous  traffic,  such  as  that  passing  daily 
over  London  Bridge,  they  offer  greater  obstruction  both  to 
the  stream  and  navigation  than  either  iron  or  suspension 
bridges,  on  account  of  the  comparative  smallness  in  the  span 
of  their  arches,  and  the  piers  occupying  a  space  varying,  in 
the  examples  which  we  have  given  in  the  tables  following,* 
from  sivth  or  i^ths  of  the  span,  as  in  the  bridge  of  the 
Holy  Trinity  at  Florence,  to  ^-«th  or  Aths,  as  in  ibft  ^^^^^^V^ 

•  See  Tables,  pp.  226  and  2^^» 

l8 
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Bridge  over  the  Beine;  while  those  of  the  iron  bridges 
vary  from  r^th  or  iVths,  as  io  Vaoshall  Bridge,  to  r^.th 
or  ^nds,  as  in  the  Pont  du  Carroneel ;  and  thoae  of  the 
anspension  bridges  from  f^th  or  -,Vths,  as  in  the  Brighton 
Chain  Pier,  to  li^th  or  Aths,  as  in  the  bridge  near  Fri- 
boorg.  These  nnmbers  may  be  taken  as  those  representing 
the  comparative  obstmotion  which  the  respective  bridges 
offer  to  the  stream ;  but  that  which  affects  the  navigation 
depends  not  only  npon  the  width  or  span,  but  also  on  the 
height  or  headway  afforded  nnder  the  arch  of  the  bridge ;  so 
that  we  shonld,  as  far  as  the  facilities  which  each  offers  to 
the  nayigation,  rather  compare  the  area  of  the  space  between 
the  intrados  of  the  arch  and  the  surface  of  the  water ; 
and  this  we  have  done  in  the  following  table,  taking  aa  an 
example  of  bridges  of  masonry,  London  Bridge ;  of  iron, 
Sonthwark  Bridge ;  and  of  suspension  bridges,  that  across 
the  Thames,  near  Charing  Cross.  There  is  another  point,  in 
respect  of  which  the  sospension  bridges  and  those  of  iron  are 
preferable  to  those  of  masonry,  and  this  is  their  mach  smaller 
weight,  a  point  which  we  have  illnstiated  by  a  comparison  of 
theweight  of  the  centre  arches  and  piers  of  the  three  bridges 
above  mentioned.  Althongh,  however,  with  these  advan- 
tages, they  may  be  also  considered  as  mnch  lees  costly,  there 


Nuneofbuag*. 

■B 

1 

III 

1  ■■! 

ft 

i 

il 

life! 

i 

1  1  il  !i 

1  1  1    III  |! 

^7^  \t- 

to*   \  a«t 

ore)    eu 

■168 
'1^ 

T™t  T««.|T<™..lFt.In. 

TSM 
■I17S 

BRIDGES, SELECTION   OF   SITE,   ETC. 


227 


are  certain  situations  in  which  undoubted  preference  should 
be  given  to  bridges  of  masonry.  Such  are  those  in  which 
the  traffic  is  continuous  and  heavy,  or  the  site  much  exposed 
to  hurricanes  and  tempests ;  in  either  of  which  case  a  suspen- 
sion, bridge  would  not  be  advisable,  as  would  not  an  iron 
bridge  in  the  former. 


CHAPTER  XVn. 

BRIDGES  OF  MASONRY. 

Ha  VINO  already  stated,  at  some  length,  the  principles  upon 
which  the  equilibrium  of  arches  of  masonry  depend,  and 
given  rules  for  finding  the  pressure  upon  the  keystone  by 
which  its  depth  should  be  determined,  and,  that  being  fixed 
for  so  proportioning  the  depth  of  the  other  parts  of  the  arch 
that  the  whole  may  be  in  equilibrium,  it  only  remains  here 
to  offer  a  few  remarks  upon  the  practical  use  of  these  rules. 
By  reference  to  the  table  on  page  280  it  will  be  seen  how 
widely  the  practice  of  engineers  differs  with  regard  to  the 
load  which  they  consider  it  safe  to  place  upon  an  arch  of 
masonry.  Taking  into  consideration  the  materials  of  which 
it  is  composed,  the  bridge  which  carries  the  Great  Wes- 
tern Railway  across  the  Thames,  near  Maidenhead,  is  cer- 
tainly the  boldest  which  has  ever  been  constructed,  the 
actual  pressure  at  the  crown  of  the  arch  being  about  one- 
third  of  that  which  would  begin  to  injure  the  cohesive 
strength  of  the  material  of  which  it  is  composed.  And, 
although  the  construction  of  this  bridge  has  shown  that  it  is 
practicable  to  approach  much  closer  to  the  load  which  would 
cause  failure  than  had  before  been  considered  safe,  it  is 
questionable  how  far  prudence  would  warrant  such  an  ap- 
proach in  ordinary  cases,  especially  when  we  consider  how 
many  accidental  circumstances  may  deteriorate  the  stability 
of  the  ATchf  to  guard  against  which  it  seems  desirable  that  a 
macb  wider  margin  should  uBuaWy  be  ^voii,  ^tsA  Vhi'dX  IVva 
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greatest  load  upon  the  key-stone  should  not  he  greater 
than  -sVth  of  that  which  would  begin  to  crush  its  material  in 
bridges  exposed  to  only  ordinary  traffic,  and  in  those  which  are 
continually  exposed  to  the  tremour  and  vibration  occasioned 
by  a  continuous  and  very  heavy  traffic  not  more  than  ^o-th. 

We  have  in  the  annexed  table  exhibited  the  proportions 
and  dimensions  of  some  of  the  principal  bridges  in  Europe, 
in  which  we  have  given  the  radius  of  curvature  of  the  main 
arch  at  its  soffit,  as  well  as  the  depth  of  their  key-stones  and 
the  materials  of  which  they  are  composed,  from  which  the 
student  will  be  enabled  to  observe  the  proportions  which  have 
been  adopted  by  some  of  the  most  eminent  engineers. 
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In  the  accompanying  figure,  140,  wa  have  ehowu  the 
intradosea  or  profiles  of  the  principal  arch  of  each  of  the 
bridges  meutioued  in  the  foregoing  table,  all  dravm  to  the 
same  scale,  so  as  to  afford  at  one  view  a  comparison  of  their 
relative  size  and  form. 

In  the  constniction  of  a  bridge  the  most  important  point 
is  to  obtain  an  nnyietding  foandation  for  the  piers  and  abat- 
mente,  and,  if  this  can  be  seemed,  the  engineer  may  with 
safety  adopt  bold  proportions  for  the  arches  of  his  bridge  ; 
bnt,  in  a  sitaation  in  which  the  piers  would  be  likely  to  settle 
to  any  extent,  every  precaution  should  be  taken  to  increase  the 
stability  of  the  arches.  It  is  a  matter  which  may  reasonably 
excite  surprise  that  engineers  should  so  nniveisally  con- 
struct the  piers  of  their  bridges  with  solid  masonry,  since  a 
very  little  consideration  would  suffice  to  show  that  such  a 
mode  of  construction  is  usually  the  worst  which  could  be 
adopted,  especially  where  the  ground  beneath  the  piers  is  of 
a  yielding  nature.  The  real  office  which  the  pier  of  an  arch 
is  intended  to  perform  is  merely  to  support  the  arch,  to 
receive  its  weight,  and  transmit  it  to  the  foundation,  and  it 
performs  this  in  the  most  perfect  manner  when  it  adds  to  that 
weight  in  the  least  degree  ;  in  most  cases,  however,  the 
weight  of  the  pier  itself  is  equal  to  about  half  that  of  the 
superincumbent  arch,*  ho  that  the  weight  which  the  founda- 
tions have  to  carry  is  half  as  much  again  as  the  real  weight 
of  the  bridge.  In  the  construction  of  the  piers  of  a  bridge, 
the  points  which  ought  to  be  attended  to  are  as  follows, 
namely,  that  the  substance  of  the  pier  shall  be  sufficient  to 
enable  it  to  sustain  without  injury  the  vertical  pressure  of 
the  arch  and  its  load,  as  well  as  Uiat  of  the  water  and  any 

*  Bf  referonce  to  the  table  at  page  226,  it  will  be  96eu  that  ths 
weight  of  that  portion  ol  the  pier  at  Loudon  Bridge  Mew  the  spring- 
ing i«  nearly  equal  to  half  that  of  the  ceotre  arch ;  and  that,  in  the 
caM  of  Sonthwark  Bridge,  the  weight  of  the  pier  ia  more  than  twice 
■a  great  oi  that  of  the  anpentmctDTo,  which  it  merely  aervta  to 
aapport. 
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accidental  force  to  which  it  might,  under  extraordinary  cir- 
cumstances, he  liahle  to  he  exposed ;  and  that  its  hase 
should  be  of  such  dimensions,  that  the  pressure  arising  from 
its  own  weight,  and  that  which  is  insistent  upon  it,  may  be 
distributed  over  a  sufficiently  large  area  of  ground.  Now,  so 
long  as  these  two  conditions  are  fulfilled,  it  is  sufficient ;  and 
any  additional  substance  given  to  the  pier  is  clearly  so  much 
additional  load  thrown  upon  the  foundations,  and  is  positively 
detrimental  to  the  stability  and  security  of  the  structure. 

Perronet  appears  to  have  understood  better  the  real  use 
of  piers,  although  he  seems  to  have  been  more  disposed  to 
lighten  them  by  reducing  their  external  dimensions  rather 
than  by  constructing  them  hollow;  for  instance,  in  the 
Neuilly  Bridge,  already  mentioned,  we  find  the  piers  are  less 
than  one-ninth  of  the  span  of  the  arch.  In  the  bridge  of 
St.  Maxence  he  has,  however,  effected  the  same  object  by 
carrying  up  the  piers  in  four  columns  united  in  pairs,  and 
turning  a  small  arch  across  between  them  intersecting  the 
main  arch  of  the  bridge,  as  shown  in  Figs.  141. 

The  foregoing  remarks  apply  with  equal  force  in  the  case 
of  abutments  as  in  that  of  piers,  the  usual  practice  in  the 
construction  of  which  has  been  to  form  a  solid  mass  of 
masonry,  the  weight  of  which  materially  ctssists  the  thrust  of 
the  arch  in  producing  settlement  by  the  compression  of  the 
ground  upon  which  it  rests.  It  is  obvious  that  the  real  use 
of  an  abutment  to  an  arch  is  nothing  more  than  to  extend 
the  surface  upon  which  it  rests  and  from  which  it  derives 
support,  without  at  the  same  time  materially  increasing  its 
pressure,  and  so,  by  reducing  the  load  on  any  given  area, 
to  increase  the  stability  of  the  structure  ;  whereas  it  would 
be  found,  in  the  majority  of  oases,  that  the  pressure  upon 
every  square  foot  of  the  surface  at  the  springing  is  less  than 
that  which  the  thrust  of  the  arch  and  the  additional  weight 
of  the  abutment  together  occasion  on  the  foundation  upon 
which  they  rest. 


334 


THE    BUDIMBNTB  OF  CIVIL   ENOINEERINO. 


In  bnilding  a  strnctnre,  the  weight  of  which  is  consider- 
able, npon  any  kind  of  snbatratiiin  (excepting  only  rock), 
some  amonnt  of  sinking  or  settlement  from  the  compresBion 
of  the  ground  will  almost  always  be  foand  to  take  place, 
and  as  it  is  very  desirable,  in  the  case  of  a  bridge,  that  the 
settlement  of  the  piers  and  abntmeots,  if  any,  shonld  take 
place  previona  to  the  couBtrnction  of  the  arch,  the  piers  and 
abutments,  when  built  up  to  the  springing  course,  shonld  be 


Figs,  141.— Bridge  ol  Bt.  HuenM. 

loaded  with  a  weight  at  least  equal  to  that  of  the  arch  which 
they  are  afterwards  to  carry  ;  and  in  this  state  they  should 
be  left,  if  possible,  for  some  months,  during  which  period 
the  water  shonld  be  admitted  into  the  interior  of  the  coffer 
dams,  BO  that  the  piers  may  be  brought  as  nearly  as  possible 
into  the  eame  condition  as  that  in  which  they  would  be  when 
iAe  bridge  was  completed ;  bo  tha^,  ii  \ibe  ^coiuid  is  diBp(»ed 
to  yield  nndei  the  joint  influence  oi  Qia  ■^WiteT  wA  'fisi^  Vn&, 
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it  may  do  so  before  the  constraction  of  the  arches  is  com- 
menced. 

Previous  to  the  piers  being  loaded,  and  at  regnlar  intervals 
afterwards,  careful  levels  should  be  taken  to  ascertain 
whether  any  settlement  has  occurred ;  and  as  soon  as  it  has 
been  found  by  means  of  these  observations  that  ail  subsi- 
dence has  ceased,  and  not  until  then,  the  arches  should  be 
commenced.  The  loading  of  the  piers  should  be  gradually 
removed  as  the  arches  progress,  in  such  a  manner  that  the 
weight  upon  the  piers  may  be  maintained  as  nearly  uniform 
as  possible. 

Next  in  importance  to  securing  a  firm  foundation  for  the 
piers  and  abutments  is  the  proper  construction  of  the  arch 
itself.  Could  the  arch- stones  or  voussoirs  be  worked  with 
perfect  accuracy  to  the  wedge  form  required,  and  then  be 
brought  into  immediate  contact  without  the  interposition  of 
any  mortar  or  cement,  as  was  frequently  done  by  the  Romans 
and  the  GyclopsBan  builders  of  old,  we  should  have  an  arch 
in  the  highest  perfection,  not  liable  to  settlement,  and  which 
would  maintain  its  form  unaltered  as  long  as  the  materials  of 
the  stone  endured.  Although,  however,  we  cannot  in  prac- 
tice dispense  entirely  with  mortar  between  the  joints,  they 
may  be  reduced  so  much  in  thickness  as  to  leave  but  small 
room  for  any  after-settlement  in  the  arch  arising  from  their 
compression  ;  and,  by  proper  attention  to  these  points,  engi- 
neers have  so  far  succeeded  as  to  be  able  to  construct  arches 
of  two  hundred  feet  span,  with  a  settlement  in  the  crown  of 
the  arch  of  scarcely  2^  inches. 

To  support  the  voussoirs  of  the  arch  during  its  construc- 
tion and  until  the  insertion  of  the  key-stone,  it  is  requisite  to 
have  a  timber  platform  termed  the  centre  or  centering,  the 
upper  surface  of  which  is  made  to  correspond  accurately 
with  the  intrados  of  the  arch,  so  that  the  stones  being  placed 
upon  it  may  he  retained  in  theii  pTop^T  po^\\AO\i^'^dx^^^ 
arch  18  completed  by  the  inserUon  oi  \3ie  Ve^-^toxi^* 
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It  is  requisite  that  the  centre  of  an  arch,  of  any  size, 
should  be  constructed  with  the  greatest  possible  care,  and  in 
such  a  manner  that  the  weight  of  the  arch-stones  may  not 
alter  its  form ;  a  point  very  difficult  to  be  secured  with  a 
material  so  elastic  as  timber,  and  where  the  load  is  at  first 
thrown  only  on  a  small  portion  of  the  framing.  In  cases 
where  this  has  not  been  sufficiently  attended  to,  it  has  been 
found  requisite  to  place  a  load  upon  the  middle  of  the  centres, 
to  counteract  their  tendency  to  rise  at  that  point,  occasioned 
by  the  depression  of  their  haunches  under  the  weight  of  the 
arch-stones.  And  in  the  centres  for  the  Neuilly  Bridge, 
designed  by  Perronet,  from  their  peculiar  mode  of  construc- 
tion, the  settlement  was  so  considerable  (nearly  two  feet  at 
the  crown)  that  a  variety  of  expedients  had  to  be  resorted  to, 
to  prevent  their  being  crushed,  and  letting  down  the  arches. 
It  is  also  requisite  in  the  centre  of  an  arch  to  have  the  means 
of  gradually  lowering  the  centre  as  soon  after  the  completion 
of  the  arch  as  may  be  deemed  prudent,  which  should  be 
done  in  the  most  regular  and  gradual  manner,  in  order  that 
the  arch  may  have  time  to  settle  equally ;  this  operation  is 
technically  termed  striking  the  centres,  because  they  are 
usually  supported  on  wedges,  the  striking  out  of  which 
allows  of  its  gradual  descent,  in  the  manner  which  we  have 
described. 

As  an  illustration  of  the  practical  operations  involved  in 

the  construction  of  a  stone  bridge,  we  have  selected  the 

Grosvenor  Bridge  over  the  Dee,  at  Chester,  not  only  on 

account  of  the  boldness  of  the  arch,  but  also  because  several 

novel  expedients  were  adopted  by  its  engineer,  Mr.  Hartley, 

of  Liverpool,  with  very  great  success.     The  profile  of  the 

arch  is  shown  by  the  line  10  in  Fig.  140,  and  the  principal 

dimensions  of  the  bridge  will  be  found  in  the  table  at  page 

£S0.     Fig.  142  is  an  elevation  of  the  bridge,  and  Fig.  148  a 

Jongiiudmal  section  of  half  the  aroh  an^  V^^  uoiVk  ^Wimont^ 

showing  the  centre  apon  whicb  it  "waa  coua\.tucA.a^» 
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The  south  ftbntment  of  the  arob  is 
fonuded  upon  the  solid  rock,  as  is  also 
the  principal  portion  of  that  on  the 
nortli  side ;  bnt  the  rock  suddenly  ter- 
minating at  A,  and  being  succeeded  by 
a  stratam  of  very  looee  sand,  it  vas 
found  necesHary  to  drive  piles  for  the 
support  of  the  back  portion  of  the  abut- 
ment, as  shown  in  the  figure.  The 
material  of  which  the  bridge  is  con- 
stmeted  is  ihe  native  sandstone,  with 
the  exception  of  the  face  of  the  abut- 
ments and  the  two  first  courses  of  the 
aroh,  which  are  of  granite,  and  the 
three  centre  courses  of  the  arch  and 
the  quoins,  which  are  of  Anglesea  m 
ble  or  limestone.  By  an  inspection 
the  plate  it  will  be  seen  that  the  prin- 
oiple  of  the  arch  is  carried  out  in  the 
abatments,  the  courses  of  which  are 
made  to  radiate  towards  the  centre  of 
the  iutradoB  of  the  bridge,  until  they 
meet  the  rock,  in  which  steps  were 
cat,  the  bed  of  which  partook  of  the 
same  slope,  so  that  the  rock  itself  may 
be  regarded  as  the  actual  abutment  of 
tbe  arch. 

Upon  ntriking  the  centres  of  bridges, 
it  ia  nsually  found  that,  in  consequence 
of  the  compression  in  a  greater  or  less 
degree  of  the  mortar  in  the  joints  of 
the  voussoirs,  the  form  of  the  arch  be- 
comes modified,  on  account  of  the 
greater  settlement  of  the  stones  in  the 
ceotre  or  crown    of  the   arcfa.      Tbio 
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reason  of  which  is,  that  as  the  stones  approach  the  haunches 
they  become  less  inclined  to  the  horizon,  and  a  greater 
portion  of  their  weight  is  thrown  upon  the  joint,  less  being 
home  hj  the  centre,  from  which  oanse  the  compreasion  of 
the  joints  near  the  haunches  takes  pUce  dniing  the  con- 
stmotion  of  the  bridge ;  whereas,  in  those  stones  which  are 
near  the  crown  of  the  arch,  their  weight  being  almost 
entirely  home  by  the  centres,  the  joints  are  bat  slightly 
compressed  until  the  weight  of  the  stones  is  brought 
upon  them  by  the  operation  of  striking  the  centres,  and  then 
the  settlement  consequent  upon  this  compression  takes  place. 
We  have  already  explained,  while  treating  of  the  stability 
of  arches,  that,  when  the  crown  of  an  arch  sinks,  Uie  ten- 
dency of  the  arch-atones  near  the  crown  is  to  torn  upon 
their  outer  edges,  and  of  those  near  the  haunches  upon  their 
inner  edges,  in  the  manner  shown  in  Fig.  186,  the  effect  of 
which  is  frequently  seen  in  the  opening  of  the  joints  at  the 
back  of  the  arch  at  the  haunches,  and  on  the  sof&t  of  the 
arch  near  the  crown,  pieces  being  frequently  splintered  off 
from  the  opposite  edges  of  the  joints  in  consequence  of  this 
tendency  to  turn  about  them. 

Now  in  the  Chester  Btidge  this  tendency  of  the  joints  to 
open  was  guarded  agidnst  by  the  insertion  of  thin  plates  of 
lead  between  the  arch-stones  on  each  side,  from  the  spiing- 
ing  up  as  far  as  that  point  in  the  arch  where  the  line  of 
pressure  passes  throagh  the  centre  of  the  stones,  which  in 
this  case  was  assumed  to  bo  at  about  one-third  of  the  arch ; 
and  further,  by  two  wedges  of  lead  being  laid  under  the 
springing  coorse,  which  were  an  inch  and  a  half  in  thickness 
on  the  &ce  of  the  arch,  and  ran  out  to  nothing  at  the  back. 
By  these  means,  as  the  arch  settled,  the  lead,  being  of  a 
yielding  nature,  became  sUghtly  compressed,  and  caused  the 
presBore  to'  be  more  equally  distributed  over  the  surface  of 
the  joints.  The  following  method  was  also  adopted  of 
Mttiag  the  key-stones,  by  which  the  joints  near  the  crown 
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of  the  arch  were  somewbat  compreeied  previons  to  the 
centres  being  strnck  ;  three  Utin  strips  of  lead  were  placed 
on  the  sides  of  each  of  the  stones  compoalDg  the  last  conrse 
on  each  side  of  the  key-stones,  which  latter,  having  been 
besmeared  with  a  thin  kind  of  patty,  composed  of  white  lead 
and  oil,  were  forced  down  into  their  places  by  a  small  pile- 
driving  engine,  the  strips  of  lead  serving  as  slides  to  prevent 
the  stones  robbing  against  each  other. 

We  have  yet  to  describe  the  centre,  which  was  designed 
by  Mr.  Trnbshaw,  the  contractor  for  the  bridge,  and  differed 
very  materially  from  any  which  had  been  previously  oon- 
stmcted.  It  was  supported  npon  fonr  temporary  piers 
of  stone,  built  in  the  river,  two  of  which  are  shown  in 
the  section  (Fig.  148).  From  the  tops  of  these  piers  the 
timbers  which  were  intended  to  support  the  arch-stonea 
radiated  in  the  manner  shown  in  the  drawing,  their  lower 
end  being  secured  in  a  cast-iron  shoe  fixed  on  the  pier  for 
their  reception,  and  their  npper  ends  being  connected 
together  and  retained  at  nearly  equal  distances  apart  by  two 
thicknesses  of  planks  bent  round  to  the  form  of  the  arch  ; 
and  they  were  still  farther  secured  by  the  horizontal  timbers 
to  which  they  were  bolted.  There  were  six  of  each  of 
these  fan-like  framings  in  the  width  of  the  bridge,  placed  at 
equal  distances  apart,  and  steadied  by  transverse  timbers. 
The  timbers  for  the  support  of  the  arch-stones,  techni- 
cally called  laggings  (one  of  which  was  placed  under 
every  joint),  were  supported  upon  the  cnrved  rim  of  each 
of  the  framings,  folding  wedges  being  placed  under  them, 
so  that,  by  driving  the  wedges  back,  any  portion  of  the 
arch  might  be  gradually  lowered  at  pleasure.  The  pecu- 
liarity in  the  construction  of  this  centre  consisted  principally 
in  the  timbers  being  disposed  radially,  so  as  to  receive  the 
pressure  of  the  vonssoirs  in  the  direction  of  their  length, 
after  the  manner  of  a  pillar,  in  which  direction  timber,  when 
'aulgeeted  even  to  very  considerable  strains,  suffers  very 
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slight  compression ;  and  these  centres  were  not,  therefore, 
liable  to  the  failing  of  too  many  others,  that  of  change  of 
form,  under  the  unequally  distributed  load  of  the  arch  while 
in  course  of  construction.  The  manner  in  which  the  centres 
were  struck  was  also  peculiar,  that  of  having  separated 
wedges  under  each  arch- stone,  so  that  any  portion  of  the 
arch  might  be  relieved  from  support,  while  the  remainder 
was  still  borne  by  the  centre ;  and  thus  the  engineer  pos- 
sessed the  power  of  allowing  those  parts  of  the  arch  to  settle 
first  which  he  might  think  desirable.  Whereas  in  the  ordinary 
form  of  centre  it  is  usual  to  have  the  entire  span  of  the  arch 
in  one  framing  supported  upon  wedges  at  each  extremity, 
upon  striking  which  the  whole  of  the  centre  would  be  lowered 
simultaneously.* 

The  method  which  we  have  above  described,  of  inserting 
strips  of  lead  between  the  joints  of  the  voussoirs,  was  adopted 
with  the  same  object  in  the  construction  of  a  bridge  over 
the  Dora  Eiparia,  near  Turin.  In  this  instance  the  engineer 
constructed  the  centre  with  a  greater  rise  than  that  which  he 
intended  the  arch  to  have  when  completed,  so  as  to  allow  for 
its  settlement :  the  span  of  the  arch  was  147*64  feet,  and  the 
versine  or  rise  18*04  feet,  while  that  of  the  centres  was  made 
equal  to  18*9,  or  about  10  inches  greater.  The  arch-stones, 
which  were  of  granite,  having  been  accurately  formed  to  the 
proper  wedge-form,  were  then  put  in  their  places  on  the 
centre,  in  such  a  manner  that  the  joints  near  the  haunches 
were  made  wider  on  the  face  of  the  arch  than  at  the  back, 
those  midway  being  made  parallel,  and  those  near  the  crown 
wider  at  the  back  than  on  the  face  of  the  arch,  no  mortar 
or  cement  being  placed  between  the  stones,  which  were  kept 
at  the  proper  distances  apart  by  wedges  of  iron  and  lead 
driven  in  between  them.     When  the  whole  arch  had  thus 

*  For  a  further  description  of  this  bridge,  and  plates  showing  the 
details  of  its  construction,  the  reader  is  referred  to  the  Transactions 
of  the  Institution  of  Civil  Engineers^  vol.  i.  p.  207* 
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been  completed,  aod  the  position  of  the  arch-etones  carefully 
examined,  a  moderately  liquid  cement  compoBed  of  equal 
portions  of  lime  and  clean  saod  waa  poured  into  the  Joints. 
After  which,  being  allowed  twenty  daya  to  consolidate,  the 
centres  were  gradnally  struck,  when  the  arch  subsided  with 
great  regularity  about  H  inches,  and  a  load  of  about  3,000 
tons  of  ballast  being  uniformly  distributed  over  the  arch,  and 
allowed  to  remain  for  four  months,  caused  a  further  settle- 
ment of  1|  inch,  but  without  prodacmg  any  irregularity  in 
the  form  of  the  arch.* 

The  elevation  (Fig.  144 )  of  the  bridge  constmctcd  by  Tel- 
ford over  the  Severn,  at  Gloucester,  has  been  introduced  for 


Fig.  144  — HriilgB  01 


the  parpoae  of  pointing  out  a  peculiarity  in  the  form  of  its 
soffit,  first  suggested  by  Perronet,  which  consista  in  making 
the  onrve  of  the  intrados  of  the  arch  fatter  at  the  face  than 
in  the  middle  of  the  arch,  eo  as  to  form  a  kind  of  splay  on 
each  side,  commencing  at  the  haunches  and  dying  away  at 
tbe  crown  where  the  two  ourrea  are  made  to  coincide,  and  at 
which  point  alone  the  soffit  of  the  arch  is  straight  on  the 
transverse  aeetlon.  In  the  example  which  we  have  selected, 
the  form  of  the  arch  in  the  centre  is  an  ellipse,  aa  ahown  by 
the  line  B,  Fig.  140,  while  the  line  of  the  intrados  od  each  of 
the  external  facea  of  the  bridge  forms  a  flat  segment  of  a 


'  for  a  tuU  accountoE  tbia  woi1t,v 
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circle.  Perronet  himself  applied  this  peculiar  mode  of  form- 
ing the  soffit  in  the  Neuilly  Bridge,  over  the  Seine,  already 
referred  to,  the  dimensions  of  which  have  heen  given  in 
the  tahle  at  page  280.  The  same  principle  was  also  adopted 
in  the  hridge  which  we  have  mentioned  ahove  as  heing  con- 
structed over  the  Dora  Riparia,  near  Turin  ;  hut  in  this  case 
both  the  curves  are  segments,  only  the  external  one  is  much 
flatter  than  the  other.  In  addition  to  the  pleasing  effect  of 
lightness  and  grace  which  this  method  of  forming  the  soffit 
of  an  arch  affords,  it  possesses  some  advantage  in  saving  of 
material,  as  well  as  affording  a  better  form  (somewhat  re- 
sembling that  of  the  contracted  vein)  for  the  passage  of 
water,  in  cases  where  the  river,  in  time  of  floods,  is  liable  to 
rise  above  the  springing  of  the  arch. 


m2 


CHAPTER  XVm. 
CAST-IRON  BRIDGES. 

The  principle  which  has  usually  been  adopted  in  the  con- 
struction of  bridges  of  cast  iron  is  to  support  the  roadway 
upon  separate  ribs,  each  of  which  partakes  of  the  properties  of 
an  arch,  being  subjected  in  like  manner  entirely  to  a  com- 
pressive force.  They  diflfer,  however,  essentially  from  an 
arch  of  masonry,  in  respect  of  the  parts  of  which  these  ribs 
are  composed  (and  which  answer  to  the  voussoirs  of  the  arch) 
being  so  securely  connected  together  as  to  prevent  the  pos- 
sibility of  rotation  about  their  edges,  should  the  line  of 
pressure  deviate  beyond  the.  substance  of  the  rib.  In  an 
arch  of  masonry,  the  object  is  so  to  proportion  the  depth  of 
the  arch  in  every  part  that  it  may  be  equilibriated,  or,  in 
other  words,  that  the  line  of  pressure  may  everywhere  pass 
directly  through  the  centre  of  every  one  of  the  joints  of  the 
voussoirs.  In  an  arched  rib  of  cast  iron,  on  the  contrary, 
the  object  is  so  to  form  the  framing  of  the  ribs  and  spandrils 
(which,  although  in  separate  parts,  should  be  so  connected 
together  as  to  be  one)  as  to  insure  the  utmost  rigidity  and 
stiffness  combined  with  lightness.  It  is,  then,  a  matter  of 
small  importance,  whether  the  line  of  resistance  passes 
exactly  along  the  centre  of  the  rib,  because  the  whole  semi- 
arch  may  be  looked  upon  as  one  huge  voussoir,  supported  at 
lis  lower  end  upon  the  pier,  and  at  its  upper  extremity 
by  the  eqiml  and  similar  preBBTSxe  oi  Vib^  otji^i  eemi-arch. 
We  have  already  given  a  rule  Y>7  NvViLc^i  \2ki<^  c»txi.^t^%\i\x'dSxi 
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on  the  rib  at  the  crown  of  the  arch  may  be  determined ;  it 
may,  however,  be  desirable  to  illustrate  its  practical  applica- 
tion, for  which  purpose  we  have  selected  Sonthwark  Bridge. 
In  this  case,  the  weight  of  half  the  centre  arch,  with  the 
roadway,  is  about  1,520  tons,  and  the  horizontal  distance  of 
the  centre  of  gravity  of  the  same  from  the  springing  about 
66  feet,*  and  the  versine  or  rise  of  the  arch  is  24  feet.  Then 
we  have  from  the  rule,  as  56  is  to  24,  so  is  the  horizontal 
thrust  to  1,520,  which  gives  8,547  tons  for  the  horizontal 
thrust  at  the  crown  of  the  arch,  or  the  strain  tending  to 
crush  the  cast-iron  ribs.  This  strain  may  be  supposed, 
without  any  sensible  practical  error,  to  be  equally  borne  by 
all  the  ribs,  of  which  there  are  eight ;  and  the  sectional 
area  of  each  being  about  214  square  inches,  we  have  for  the 
compressive  strain  upon  every  square  inch  of  the  ribs  about 
4,650  lbs.,  or  only  ^rd  of  that  which  would  be  required  to 
crush  the  material.! 

In  the   following  table  we  have  collected  the  principal 
dimensions  of  a  few  of  the  more  important  cast-iron  bridges 

*  The  distance  of  the  centre  of  grarity  of  the  whole  mass,  from  the 
springing  of  the  arch,  is  found  in  the  manner  already  explained, 
by  multiplying  the  weight  of  each  separate  part  by  the  distance  of 
its  centre  of  gravity  from  the  springing,  and  dividing  the  sum  of  the 
products  thus  obtained  for  all  the  parts  of  the  bridge  by  the  weight 
of  the  whole  mass. 

t  It  has  been  supposed  by  some  that  in  Southwark  and  many 
other  iron  bridges,  Uttle  or  no  additional  strength  is  derived  from  the 
arched  form  of  the  ribs,  and  that  the  real  strain  to  which  they  are 
exposed  is  similar  to  that  of  a  girder  supported  at  each  end  and 
loaded  with  a  distributed  weight,  there  being  scarcely  any  horionztal 
thrust.  That  such  is  not,  however,  the  case,  is  sufficiently  evident  by 
comparing  the  weight  which  girders  of  the  same  dimensions  as  the 
ribs  of  the  bridge,  and  in  the  circumstances  supposed,  would  be  able 
to  support,  with  the  load  which  they  actually  sustain ;  for,  by  the 
rule  given  at  page  12,  we  find  that  the  weight  which  would  break  such 
a  girder  would  be  108  tons,  or  about  870  tons  for  the  ^\%Yi\»  tCo^  ^\ 
Southwark  Brid^,  which  is  less  than  a  io\ix\^  oi  \^^\>  ^\^<(2&l  >^^i 
have  Buatained  for  many  years. 
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which  have  beeo  constmcted.  Aod  io  Figa.  145  wc  have 
Bhomi  the  aectioual  forma  which  have  beeo  adopted  in  each 
case  for  the  main  ribs.  We  have  already  mentioned  that 
in  girders  exposed  to  a  transverse  strain,  their  strength 
may  be  materially  increased  by  adopting  a  particular  form 
of  cross  section ;  in  the  case,  however,  of  the  ribs  of  a 
cast-iron  bridge,  -where  they  are  entirely  exposed  to  a  com- 
pressive strain,  the  form  of  the  cross  section  is  immaterial, 
always,  however,  supposing  that  the  rib  Is  sufficiently  stiff 
to  prevent  any  tendency  to  bend  laterally  or  sideways. 
The  form  of  those  (shown  at  g  in  the  subjoined  figores)  of 
the  bridge  over  the  Lary  appears  to  be  the  best  adapted  for 
this  purpose,  the  side  webs  or  flanges  imparting  considerable 
lateral  stifbess  to  the  ribs. 


Fig.  lU.-BeaU«u  of  Bibi  of  Cut-IroD  Bridges. 
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[Two  cast-iron  arched  bridges. 
Figs.  146  and  UGa,  were  designed 
by  Mr.  John  Fowler  for  the  Coal- 
brookdale  Bailway  and  the  Severn 
Valley  Railway,  crossiiig  the  river 
Severn.  The  arch,  of  cast-iron, 
has  a  span  of  200  feet,  and  a  rise 
of  20  feet ;  it  consists  of  four  riba, 
as  in  Fig.  146,  4  feet  deep,  flanged 
&t  the  npper  and  lower  edges  to  a 
width  of  16^  inches ;  and  of 
2  inch  metal  throaghont.  The 
horizontal,     npper    members     or 


girders,  are  of  wrought-iron  plate, 
2  feet  deep,  12  inches  wide  at  the 
npper  and  lower  flanges,  of  ^-inch 
plate.  Each  arch  was  cast  in  nine 
segments,  bolted  together,  and 
braced  laterally,  and  the  stress  is 
limited  to  2|  tons  per  sqnare 
inch  of  section.  The  girders  are 
closely  connected  to  the  arches, 
at  the  crown  and  in  the  spon- 
drils.] 


CHAPTER  XIX. 

WROUGHT-IRON  BRIDGES. 

[WBOuoHT-iron  arched  bridges  have  been  constmcted  on 
lines  of  railway.  The  most  recently  erected  bridge  of  this 
class,  Fig.  147»  is  the  railway  bridge  over  the  river  Tyne, 
at  Wylam,  Northumberland,  on  the  line  of  the  Scots  wood, 
Newbnm,  and  Wylam  Railway.  The  bridge  is  constructed 
with  two  lines  of  rails.  It  is  of  one  span  of  240  feet — of 
the  form  of  a  "  free  arch,"  with  a  suspended  roadway.  The 
arch  is  formed  of  three  wrought-iron  lattice  ribs,  spiinging 
from  a  level  19i  feet  below  that  of  the  rails,  and  having  a 
clear  rise  of  48  feet.  The  platform  is  supported  on  19  cross 
girders  dividing  it  into  20  bays  of  12  feet  each  ;  most  of  the 
girders  are  suspended  from  the  arch.  The  roadway  consists 
of  four  continuous  plate  girders  of  250  feet  each,  one  under 
each  rail,  which  rest  on  and  are  riveted  to  the  cross  girders. 
The  rails  are  laid  on  longitudinal  waybeams,  resting  on  the 
top  of  the  roadway  girders,  which  are  prolonged  25  feet 
heyond  them,  and  are  bolted  to  cross  sleepers  where  they 
clear  the  masonry.  By  this  combination  the  platform  is 
steadied,  and  any  endway  movement  other  than  that  due 
to  expansion  is  checked.  The  depth  of  the  ribs  is  10  feet 
at  the  heel  and  7  feet  at  the  centre.  In  each  rib  the  upper 
and  the  lower  members,  or  booms,  are  what  may  be  called 
semi' cellular,  consisting  of  two  sides  and  a  horizontal  plate, 
connected  by  angle-irons  at  the  comers.  The  sides  of  each 
boom  are  of  channel  iron,  9i  inches  by  4  inches,  A  inch 

M  8 
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thick.  The  lattice  bars  are 
of  T  iron.  The  suspension 
bars  are  attached  to  a  pair 
of  angle-irons  riveted  to  the 
lower  booms  of  the  ribs. 
They  are,  in  section,  9  inches 
by  f  inch  for  the  centre  rib ; 
and  7i  inches  by  -^^  inch  for 
the  outer  ribs.  The  founda- 
tions are  laid  on  beds  of 
cement  concrete;  they  con- 
sist of  a  double  course  of 
ashlar  covered  by  granite 
impost  stones,  having  a  bulk 
of  60  cubic  feet  each.  The 
weight  of  materials  in  the 
superstructure  is  as  fol- 
lows : — 


Cast  Iron 
"Wrought  Iron 


Tons. 
3 

279 


Timber   (2,160 
cubic  feet) 

Total  weight 


Tons. 

282 

54 
336 


The  cost  of  the  bridge,  in- 
cluding every  charge,  was  : — 

Per    Bqnare 
foot  of  plat- 
form, viz., 
net  span  by 
net  width, 
lbs.        8.  d. 

Abutments  6,600     16  6 

Superstructure     10,500     29  J 

Total  cost  16,000     44  6 

The  greatest  deflection  of 
the  bridge,  when  tested,  took 
pVfiyce   "vwid^T  the   weight    of 
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weighing  together  166  tons,  on  one  line  of  rails — 1*08 
inches  at  the  outer  rib,  and  0*48  inch  at  the  centre  rib. 
There  was  no  permanent  set  produced,  though  the  maximum 
load  placed  on  the  bridge — one  line  of  rails — amounted  to 
888  tons,  when  the  deflection  of  the  outer  rib  was  0'72inch, 
and  that  of  the  central  rib  0*86  inch.  When  both  lines 
were  loaded,  under  a  total  of  888  tons,  the  deflection  of  the 
outer  ribs  was  0*96  inch,  and  that  of  the  central  rib, 
1*20  inch.  The  general  results  of  the  testing  experiments 
were — a  maximum  deflection  of  ^Vro  of  the  span  under 
the  most  unfavourable  conditions  of  loading ;  no  perceptible 
lateral  vibration,  either  of  the  ribs  or  of  the  platform,  under 
a  heavy  moving  load ;  a  perfect  recovery  of  form  in  the 
ribs  after  a  heavy  load,  both  stationary  and  passing,  with  no 
permanent  set ;  a  very  slight  "  road- wave  "  in  front  of  an 
advancing  train,  barely  ^  inch. 

The  loads  adopted  for  the  calculations  were : — 

Centre  Rib.  Bide  Ribs. 

Tons  per  foot.  Tons  per  foot. 

Structural  load 0*7        .         .         0*4 

Moving  load 1^       •        *        ^'^ 

Total        .     20        .        .        1-1 

The  strains  (stresses)  allowed  for  the  various  parts  were — 

Flanges  of  the  ribs     ....  4  tons  per  square  inch. 

Struts  of  the  latticing     ...  3 

Suspension  bars 4^  „ 

Platform  g^ders 4 


»»  If 

»» 
»»  >f 


The  only  other  bridge  of  this  kind  is  the  one  erected  by 
Mr.  Leather  in  1888,  for  a  carriage  road  over  the  river  Aire, 
at  Leeds,  to  a  span  of  about  140  feet.  The  ribs  of  this  bridge 
are  of  cast  iron,  and  they  are  not  braced  internally.  But  they 
support  a  suspended  roadway.* 

♦  See  Mr.  W.  G.  Law's  paper  on  the  "  Railway  Bridge  o^«t  ^VskSi 
river  Tyne,  at  Wylam,  Northumberland,"  Proceedings  of  tXe  In*t*\tuUoA 
o/ CVvU £nffineer8f  rol.  Ivi.  page  262. 
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Girder  bridges  of  wrought  iron  have  been  brought  extensively 
into  use  for  railways  as  well  as  for  common  roadways.  The 
early  forms  for  such  girders  are  typified  in  Fig.  148,  showing 
in  section  one  of  the  wrought-iron  girders  of  the  Torksey 
Bridge,  erected  in  1850.  The  bridge  is  constructed  of  two 
spans  of  180  feet  each.  The  girders  are  parallel  in  elevation, 
and  are  10  feet  deep.  The  upper  boom  is  cellular,  of  plates 
I  inch  and  i^e  ii^ch  thick  at  the  middle  of  the  span  ;   the 

two  sides,  enclosing  a  hollow 
space,  are  of  ^-inch  plates  ;  and 
the  lower  boom  is  formed  of 
two  or  three  plates  riveted  to- 
gether, two  of  them  f  inch 
thick  and  the  third  i  inch  thick. 
The  limiting  stress  was  5  tons 
per  square  inch  of  section. 

Lattice- girders  are  now  al- 
most universally  adopted  for 
iron  bridges,  combining  light- 
ness, strength,  and  economy  in 
construction.  Of  English  de- 
sig,  two  bridges  may  be  men- 
tioned exhibiting  extremes  of 
practice  in  the  design  and  pro- 
portion of  lattice-girder  bridges. 
The  first  is  the  iron  lattice 
bridge  forming  a  portion  of  the  viaduct  across  the  Boyne 
River,  on  the  line  of  the  Dublin  and  Belfast  Junction 
Hallway,  near  Drogheda.  It  has  three  large  openings, 
of  which  the  middle  space  is  264  feet,  and  the  side  spaces 
are  188  feet  8  inches.  The  latticing,  which  is  connected 
over  the  piers,  forms  one  continuous  beam.  The  beam 
or  girder  is  parallel,  26i  feet  deep  ;  the  lattice  bars,  each 
of  which  18  crossed  by  six  others  at  the  angle  45°,  form 
sqaarea.     The  p/atform  of  the  bridge  \a  ^H  ^^^\.  m^<i^  Vc^ 
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Fig.  148— Girder  Bridge.- Section. 
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carry  two  lines  of  rails,  and  rests  on  cross  lattice-girders  fixed 
to  the  main  girders.  The  top  and  bottom  booms  or  tables  of 
the  main  girders  are  each  formed  of  a  pile  of  plates  8  feet  in 
width,  to  a  combined  thickness  of  2}  inches  above,  affording 
a  sectional  area  of  118^  square  inches  at  the  middle  of  the 
girder,  and  8^  feet  by  2}  inches  thick  below,  with  a  sectional 
area  of  127  square  inches.  In  the  central  span  the  weight 
of  wrought  iron  amounts  to  886  tons,  and  of  cast  iron  to 
5  tons.  The  maximum  calculated  stress  does  not  exceed 
5  tons  per  square  inch  for  compression,  and  4^  tons  per 
square  inch  of  nett  section  for  tension.  The  maximum  load 
on  the  bridge  was  taken  as  2  tons  per  lineal  foot.* 

The  other  lattice  bridge  is  the  railway  bridge  over  the 
Thames  at  Charing  Cross,  of  which  Sir  John  Hawkshaw 
was  the  engineer.  This  bridge  comprises  nine  spans : 
six  spans  of  154  feet,  and  three  spans  of  100  feet.  Its 
total  length  is  1,875  feet.  It  was  constructed  for  four 
lines  of  rails,  and  is  formed  with  a  fan-like  expansion  at 
the  Charing  Cross  end,  where  it  terminates  at  the  station. 
The  width  of  the  river  at  the  bridge  when  it  was  constructed 
was  1,850  feet.  The  bridge  was  built  on  the  site  of  the 
old  Hungerford  Suspension  Bridge,  the  two  brick  piers  of 
which  have  been  retained  and  utilised  for  the  present  bridge. 
The  greatest  depth  of  water  between  the  two  brick  piers  is 
18  feet  below  low- water  spring  tides,  and  the  average  depth 
is  about  10  feet.  The  rise  of  spring  tides  is  17i  feet.  The 
level  of  the  rails  is  81  feet  above  Trinity  high-water  mark, 
and  the  clear  minimum  headway  is  25  feet  above  the  same 
level. 

The  piers  for  the  spans  of  154  feet,  other  than  the  brick 
piers,  are  cast-iron  cylinders,  10  feet  in  diameter  above 
ground,  and  expanded  to  a  diameter  of  14  feet  in  the 
ground.     Each  pier  consists  of  two  such  cylinders.  Fig  149, 

♦  See  Mr.  J.  Barton's  paper  on  Wroughi-iiOTi  B«axn&  m  ^'^  "Prtk- 
etiedinfs  o/iAe  ImlittUion  of  Ctvil  Engineer i^  'VoV.  xv»,  ^^a^^  ^^^'^• 
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placed  at  a  distance  apart  of  49  feet  4  inches  between 
centres.  The  piers  are  constructed  of  segmental  plates » 
generally  H  inch  in  thickness,  with  flanges  and  1^-inch  bolts 
and  nuts.  The  lowermost  ring  of  plates  is  1^  inch  thick, 
except  at  the  lower  edge,  where  the  thickness  is  increased 
to  1}  inch.  The  Act  for  the  railway  provided  that  the  founda- 
tions of  the  bridge  should  be  laid  at  such  a  depth  as  would 
admit  of  the  river  being  deepened,  at  any  subsequent  time,  to 


♦f:4"»- 


CROSS  tECnOR  OF  OrENIRCS  M^^^ET  SPAN. 

Fig.  149.— Chaxing  Cross  Bridge. 

80  feet  below  Trinity  high-water  mark.  The  cylinders  be- 
tween the  two  brick  piers  were  sunk  to  a  depth  of  62  feet 
below  this  level.  The  piers  next  the  Surrey  side  were  sunk 
to  a  depth  of  52  feet  below  the  same  level.  They  were  sunk  by 
excavating  the  material  &om  the  inside,  by  means  of  divers  with 
liaJmets,  until  they  had  passed  through  porous  materials  into  the 
London  clay.  The  weight  with  which  it  was  found  necessary 
^  load  the  cylinders,  in  order  to  o^eicoxsi^  \Iti^  InaNAoii  ^1  'Oii^ 
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sides,  and  to  sink  them  to  their  final  depth,  averaged  ahout 
150  tons.     The  London  clay  at  the  base  of  the  cylinders  was 
of  a  hard  character,  of  a  dark-blue  colour;  it  extended  to  a 
depth   far  below  the   level   at   which    the    cylinders   were 
founded.     After  the  cylinders  had  been  sunk  and  the  mate- 
rial had  been  excavated,  the  wider  base  of  the  cylinders  was 
filled  with  concrete,  and  thence  with  brickwork  to  the  under- 
side of  the  granite -bearing  blocks  or  caps  on  the  cylinders. 
The  concrete  was  composed  of  Thames  gravel,  or  ballast,  and 
Portland  cement,  in  the  proportion  of  7  to  1.      The  brick- 
work is  of  best  pavior  bricks,  set  in  Portland  cement  mortar, 
which  is  mixed  in  the  proportion  of  1  of  cement  to  2^  of  sand. 
Under  a  load  of  700  tons,  the  cylinders  thus  filled  sank  further 
to  a  permanent  depth  of  4  inches.      The  granite  bearing 
blocks  are  2^  feet  thick,  in  two  semicircular  halves,  to  fill 
the  cylinders,  and  standing  1  inch  above  the  upper  edges  of 
the  cylinders ;   so  that  the  load  may  not  bear  directly  upon 
the  cylinders,  but  should  be  taken  entirely  by  the  filling. 
Each  pair  of  cylinders  forming  a  pier  is  connected  trans- 
versely by  a  wrought-iron  box  girder,  4  feet  deep.     Four 
lines  of  way  are  carried  on  the  bridge,  and  if  they  were  loaded 
with  locomotive  engines,  the  pressure  on  the  base  of  the 
cylinders  would  amount  to  about  8  tons  per  square  foot  if 
no  deduction  be  made  for  the  frictional  resistance  of  the 
sides  of  the  cylinders,  or  about  7  tons  if  such  allowance  be 
made. 

In  the  superstructure  of  each  opening  of  164  feet  span 
there  are  two  main  girders,  which  are  supported  on  the  piers, 
and  are,  like  the  cylinders,  49  feet  4  inches  apart  from  centre 
to  centre  transversely,  carrying  between  them  four  lines  of 
rails.  The  way  is  supported  on  cross  girders,  which  are 
fixed  to  the  main  girder.  These  girders  also  overhang  the 
main  girders,  to  carry  the  footpath  at  each  side.  The 
main  girders  are  of  wrought  iron,  14  ie^\.  ^^c^,  ^^^^^ 
independently  from   pier   to   pier.    TVi^  \i?g^et  ^aA  Vs^'Kt. 
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booms  are  each  formed  of  two  sides  and  a  horizontal  mem- 
ber of  plate  iron  riveted  together  with  angle  iron,  so 
proportioned  as  to  support,  under  a  maximum  load, 
4  tons  per  square  inch  compressive  stress  in  the  upper 
boom,  with  a  sectional  area  at  the  centre  of  800 
square  inches ;  and  5  tons  tensile  stress  in  the  lower 
boom,  with  a  solid  sectional  area  of  285  square  inches,  after 
deducting  the  sectional  area  of  the  rivet-holes.  The  sides  of 
the  girders  are  constructed  in  panels,  divided  by  vertical  bars, 
each  panel  containing  two  diagonal  bars,  crossed  at  the  angle 
A^"*,  pinned  to  the  booms  by  steel  pins  7  inches  in  diameter 
at  the  ends  of  the  girders  and  5  inches  at  the  centre.  The 
upper  boom  is  composed  of  five  plates,  at  the  centre  i  inch 
thick,  4  feet  broad ;  and  the  lower  boom,  of  five  f-inch  plates 
and  one  ii-inch  plate,  8  feet  wide,  drilled  for  and  united 
by  1-inch  rivets,  spaced  at  a  pitch  of  4  inches.  The  weight 
of  one  main  girder  is  190  tons. 

The  total  weight  of  metal  work  in  the  bridge  is  : 

"Wrought-iron  work  and  steel  pins       ....    4,960  tons. 

Cast-iron  work 1,950    „ 

Total    .     .    MOO    „ 

The  superficial  area  of  the  roadway  and  the  footpaths 
^.ogether  amount  to  108,000  square  feet.  The  total  cost  of 
the  bridge,  including  the  abutments,  was  £18,000,  being  at 
the  rate  of  Jgl  15s.  per  superficial  foot,  or  £181  per  lineal 
foot.* 

The  Fink  truss  bridge,  designed  by  Mr.  Albert  Fink, 
represents  a  class  of  iron  bridge  extensively  employed  in 
the  United  States.  In  this  bridge  a  pair  of  diagonal 
tension-bars  connects  the  foot  of  the  central  strut  with  the 
ends  of  the  upper  boom.  Each  half-span  is  similarly  sub- 
divided into  two  quarters,  and  each  quarter  into  eighths,  and 

*  See  Mr,  Harrimm  Hayter's  paper  on  the  Charing  Crois  Railway 
-Bndlg^  I^vceeding9  of  the  ImtitutUm  nf  Civil  £>i9i««era,^oY.xm.^.lkVl.. 
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each  eighth  is  subdivided  by  a  shorter  strut.  A  Fiuk  bridge 
was  erected  in  three  spaces  of  205  feet  each  on  the  line  of  the 
Baltimore  and  Ohio  Railroad,  across  the  Monongahela  River. 
The  two  trusses  are  16  feet  apart  from  centre  to  centre  for  a 
siugle  line.  The  tension-rods  are  attached  to  the  main  struts 
at  points  22  feet  8  inches  below  the  centre  of  the  upper 
booms,  or  about  ith  of  the  span.  The  upper  booms  and  the 
central  strut  are  of  cast  iron,  octagonal  in  section,  hollow, 
and  12  inches  diameter  across  the  sides ;  they  are  10  inches 
in  diameter  externally,  and  present  a  sectional  area  of 
41  square  inches.  The  main  tension-rods  in  each  truss  are 
each  formed  of  six  bars,  4^  inches  by  1^  inches,  making  a 
sectional  area  of  88 J  square  inches.  The  other  vertical  struts 
are  of  octagonal  cast  iron,  8  inches  in  diameter  externally  and 
7  inches  internally.  This  bridge,  for  a  single  line,  weighs, 
with  permanent  way  included,  only  ^  ton  per  lineal  foot. 
With  an  additional  load  of  1  ton  per  lineal  foot,  the  tensile 
stress  on  the  wrought-iron  ties  is  calculated  not  to  exceed 
5*15  tons  per  square  inch,  and  the  compressive  stress  on  the 
cast-iron  4;^  tons.  The  way  is  carried  near  the  level  of 
the  bottom  of  the  truss  on  a  timber  platform,  which  is 
steadied  by  distance-pieces  inserted  between  the  lower 
ends  of  the  struts.  The  cost  of  the  Fink  truss  bridge, 
thus  executed,  was  £14  per  lineal  foot,  single  line, 
against  from  £5  to  £7  per  lineal  foot  for  trussed  timber 
bridges. 


Employment  of  Steel  for  the  Construction  of 

Bridoes. 

The  use  of  steel  presents  advantages  in  comparison  with 
iron  for  the  construction  of  bridges,  combining  lightuess  with 
strength.     With  the  limiting  stress,  6^  tons  per  square  inch 
of  section,  authorised  by  the  Board  of  Trade,  iVi^  is\».W\3i\  ^\ 
a  sieeJ  bridge  may  be  28  per  cent.  lesB  lYioji  \\i^\>  x^^vt^^  \^^^ 
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an  iron  bridge,  for  which  the  limiting  stress  is  5  tons  per 
square  inch.  Mr.  James  Price,  who  has  investigated  the  ques- 
tion, has  concluded  that,  with  respect  to  large  swing- bridges, 
in  the  design  of  which  lightness  is  a  specially  desirable  con- 
sideration, a  sixth  of  the  weight  might  properly  be  econo- 
mised in  the  substitution  of  steel  for  iron.] 


CHAPTER  XX. 

SUSPENSION  BRIDGES. 

Equilibbium  of  Suspension  Bbidoes. 

In  a  suspension  bridge,  the  roadway  or  platform  is  sus- 
pended from  chains,  the  links  of  which  are  straight,  by 
vertical  rods  attached  to  the  joints.  And  as  the  chains  are 
not  rigid,  but  are  capable  of  altering  their  form  by  motion 
about  any  of  the  joints,  it  follows  that,  in  any  position  which 
the  chain  assumes,  its  several  parts  must  be  in  equilibrium. 
Now  a  chain  so  circumstanced  in  no  way  differs  from  a 
polygonal  framing,  such  as  is  shown  in  Fig.  181,  supposed  to 
be  inverted,  excepting  that  the  strains  upon  the  several  bars 
or  links,  which  in  the  latter  were  thrusts  tending  to  compress 
the  bars,  are  now  tensile  strains  tending  to  pull  them  asunder ; 
and  therefore  all  the  properties  of  the  one  are  common  to  the 
other,  and  the  various  relations  which  we  have  shown  to 
subsist  between  the  weights  suspended  from  the  angles,  the 
strains  on  the  several  bars  or  links,  and  the  horizontal  strain 
in  the  case  of  the  polygonal  framing,  similarly  subsist  in  that 
of  the  chains  of  a  suspension  bridge.  The  investigation, 
however,  necessary  for  deducing  from  these  relations  rules 
for  determining  the  proportions  of  a  suspension  bridge,  that 
its  several  parts  may  be  in  equilibrium,  involves  the  use  of 
propositions  and  terms  in  mathematics  far  too  abstruse  axvd 
difficult  to  be  admitted  in  this  place ',  ^e  TCi\]L*&\>)  ^I^Ei^T^\!cs^^^ 
content  ourselvea  with  pointing  out  ttie  c\icxi"ma\»3DLa«^  ^^^sriv*- 
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ing  their  stability,  and  merely  giving  rules  for  proportioning 
their  parts,  without  attempting  their  demonstration. 

The  chains  of  a  suspension  bridge  have  to  support  three 
separate  loads,  which  are  very  differently  distributed,  namely, 
their  own  weight,  which  varies  with  the  dimensions  of  the 
chain  and  its  inclination ;  the  weight  of  the  rods  by  which 
the  chains  and  platform  are  connected,  and  which  varies  with 
their  length  ;  and  the  weight  of  the  platform  or  roadway  with 
its  load,  which  is  usually  uniformly  distributed.  The  first 
suspension  bridges  which  were  constructed  had  their  chains 
made  of  the  same  dimensions  throughout ;  but  as  the  tensile 
or  pulling  strain  upon  the  different  parts  of  the  chain  varies 
greatly,  depending,  in  fact,  upon  its  inclination,  being 
greatest  at  the  points  whore  the  chains  are  attached  to 
the  piers,  and  least  in  the  centre  or  lowest  point  of  the 
chain,  it  is  evident  that  in  so  constructing  them  a  super- 
abundance of  strength  is  given  to  the  centre  portion  of 
the  chain,  and  that  the  strength  of  the  whole  would  be 
increased  by  taking  away  some  of  the  metal  from  those  parts 
of  the  chain  and  adding  it  to  the  parts  more  inclined,  so  pro- 
portioning their  substance  that  the  cross  section  of  the  chain 
may  be  in  every  part  proportional  to  the  strain  which  that 
part  has  to  sustain. 

Let  Fig.  150  represent  a  suspension  bridge,  with  the  road- 
way or  platform  f  l  horizontal,  and  a  d  b  o  being  the  curve 
formed  by  the  chains ;  the  points  a  and  o,  at  which  the  chain 
is  attached  to  the  piers,  are  called  the  points  of  suspension : 
the  horizontal  distance  a  e  or  e  o  of  these  points  from  the 
centre  of  the  bridge,  the  semi-span ;  and  the  vertical  distance 
E  B  of  the  lowest  point  of  the  chain  below  the  point  of  sus- 
pension is  termed  the  deflection.  The  term  sectional  area  of 
the  chains,  at  any  point,  means  the  surface  (measured  in 
sguare  inches)  which  would  be  exposed  by  sawing  the  chains 
ueroea  at  that  point 
The  £rBt  point  to  be  determined  in  \»\ie  cts^^  ol  ^  %ws^«ii^\QrcL 
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bridge  is  the  form  of  the  curve  a  d  b  o  which  the  chains  will 
assume,  and  upon  which  will  depend  all  the  principal  dimen- 
sions of  the  bridge.     The  dimensions  which  are  requisite  for 


determining  this  are  the  semi-span  a  e,  the  deflection  e  b, 
and  the  distance  b  h,  of  the  roadway  below  the  lowest  point 
of  the  chain,  or  the  length  of  the  shortest  suspending  rod  ; 
these  being  known,  any  number  of  points  in  the  curve  may 
be  determined  by  the  following  rule : — * 

The  Roadway  of  a  Suspension  Bridge  being  Horizontal, 
TO  find  the  Length  of  the  Suspending  Rod  d  g  at  ant 
POINT  d. — Subtract  the  length  of  the  shortest  suspension  rod 
B  H  from  the  deflection  e  b  ;  multiply  the  remainder  by  the 
square  of  the  horizontal  distance  d  k  of  the  point  d  from  the 
lowest  point  b  of  the  chain,  and  divide  by  the  square  of  the 
semi-span  a  e  ;  to  the  quotient  add  the  length  of  the  shortest 
rod  B  H,  and  it  will  give  the  length  of  the  suspending  rod  d  o. 

The  curve  formed  by  the  chain  having  been  found,  it  only 
remains  to  determine  the  strains  to  which  each  portion  of  it 
is  exposed,  in  order  that  its  area  in  every  part  may  be  made 
proportional  to  the  strain  which  that  part  has  to  sustain.  In 
order  to  determine  these,  it  is  necessary  to  have,  in  addition 

♦  These  rules  are  deduced  from  the  formulae  given  by  Professor 
Hoseley  in  his  "Mechanical  Principles  of  Engineering/'  in  which 
work  he  has  given  a  very  able  and  complete  investigation  upon 
this  difficult  subject.  In  the  above  rules  the  tensile  strain  required  to 
break  a  square  inch  of  wrought  iron  is  taken  at  67,200  pounds^  the 
weight  of  a  bar  a  foot  long  and  an  inch  Aquare,  at  V^  ^\ioAv  ^sA'Ocv^ 
iron  IB  Buppoeed  to  he  loaded  with  only  a  sixib.  ol  \\A\»rae2lcai%^^s^£c^' 
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to  the  dimensions  above,  the  weight  of  a  foot  in  length  of  the 
roadway  or  platform  of  the  bridge,  including  the  greatest  load 
which  it  is  ever  possible  that  it  will  have  to  support.  These 
being  known,  the  following  rules  will  give  the  dimensions  of 
the  chains. 

To  FIND  THE  Strain  on  the  lowest  Point  b  of  the 
Chain,  and  its  Sectional  Area. — Subtract  the  length  of  the 
shortest  suspension  rod  b  h  from  the  deflection  e  b  ;  divide 
twice  the  remainder  by  the  square  of  the  semi-span  a  e,  and 
from  the  quotient  subtract  *0003 ;  divide  the  weight  in 
pounds  of  a  foot  in  length  of  the  roadway  when  loaded  by 
this  remainder,  and  the  quotient  will  be  the  strain  in  pounds 
upon  the  lowest  point  b  of  the  chains  ;  and  if  this  strain  bo 
multiplied  by  '0000893  it  will  give  the  sectional  area  of  the 
chains  in  square  inches  at  the  same  point. 

To  FIND  the  Strain  on  the  Chain,  and  also  its  Sectional 
Area  at  any  Point  d. — Divide  twice  the  vertical  height  k  b 
of  the  point  d  above  the  lowest  point  b  of  the  chain  by  the 
horizontal  distance  d  k  of  d  from  b,  and  to  the  square  of  the 
quotient  add  1  ;  the  square  root  of  this  sum  multiplied  by 
the  strain  on  the  chain  at  b  (as  found  by  the  rule  above) 
will  give  the  strain  upon  it  at  d  ;  and  this  strain  multiplied 
by  '0000893  will  give  th^  sectional  area  of  the  chain  at  the 
same  point  in  square  inches. 

We  shall  illustrate  the  use  of  these  rules  by  an  example. 
Let  the  semi- span  be  200  feet,  the  deflection  40  feet,  the 
length  of  the  shortest  suspending  rod  2  feet,  the  weight  of  a 
foot  in  length  of  the  roadway  when  loaded  5,000  lbs.,  and 
the  horizontal  distance  d  k  of  the  point  d  from  the  centre  of 
the  chain  100  feet. 

Then,  by  the  first  rule  given  above,  2  subtracted  from  40 

leaves  88,  which  multiplied  by  the  square  of  100  equals 

860,000,  and  this  number  dmde^  \iy  \Jti^  ^^^^^^  ^\  ^^ 
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gives  as  the  quotient  9i,  to  which,  adding  2  feet,  the  sum 
11^  feet  is  the  length  of  the  suspending  rod  d  g. 

By  the  second  rule,  2  subtracted  from  40  leaves  88,  twice 
this  number  divided  by  the  square  of  200  equals  *0019, 
from  which,  subtracting  '0008,  the  remainder  equals  '0016  ; 
then  6000  divided  by  this  number  gives  8,125,000  lbs.  for 
the  strain  upon  the  lowest  point  b  of  the  chain ;  and 
8,125,000  multiplied  by  '0000898  equals  279  square  inches 
for  the  sectional  area  of  the  chain  at  b. 

And  by  the  third  rule,  twice  9'5  divided  by  100  equals 
*19,  the  square  of  which  added  to  1  equals  1*0261 ;  then 
the  square  root  of  1*0261  equals  1*018,  which  multiplied  by 
8,125,000  gives  8,165,625  lbs.  for  the  strain  upon  the 
chains  at  the  point  d  ;  and  8,165,625  multiplied  by 
'0000898  gives  288  square  inches  for  the  sectional  area  of 
the  chain  at  the  point  d. 

In  the  case  of  bridges  of  masonry  and  iron,  both  from  the 
weight  of  the  structures   themselves  as  well  as  from  the 
rigid  nature  of  the  material,  their  forms  are  not  liable  to  be 
altered  or  their  equilibrium  disturbed  by  external  influences, 
such  as  those  arising  from  the  wind  or  the  transit  of  heavy 
loads.    With  suspension  bridges,  however,  the  circumstances 
are  very  diflerent,  and  it  has  been  found  that  they  are  mate- 
rially influenced  by  these  external  forces,  and  in  some  cases 
have  sustained  very  serious  injuries  from  them.     The  reason 
of  this  is  to  be  found,  not  only  in  the  extreme  lightness  of 
the  superstructure  of  such  bridges,  in  consequence  of  which 
but  a  very  slight  force  is  required  to  put  them  in  motion, 
but  also  from  their  peculiar  susceptibility  to  vibration,  or 
nndulatory  motion,  arising  from  the  centre  of  gravity  of  the 
structure  being  below  instead  of  above  the  point  of  support, 
and  from  the  chains  being  in  a  state  of  tension,  somewhat 
similar  to  the  strings  of  a  musical  instrument,  so  that  the 
sudden  application  of  a  considerable  force  to  ^Ji'^  ^%wt\»  q*1  K^^ 
chain,  or  the  eoDtiDued  and  regular  im^uYBe  oi  e^^ii  ^  ^^^ 
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force,  would  cause  the  chains  to  alter  their  form,  and  throw 
both  themselves  and  the  platform  into  a  state  of  vibration. 
Thus,  suppose  the  whole  line  a  b  d,  in  Fig.  151,  to  represent 
the  position  of  one  of  the  chains  of  a  suspension  bridge  while 
in  its  natural  state,  and  then  let  us  suppose  a  weight  to  be 
suddenly  brought  upon  any  point  e  of  the  platform,  about 
half-way  between  the  points  of  suspension  and  the  centre  of 
the  bridge.  Now  the  effect  which  this  weight  will  produce 
will  be  that  of  depressing  the  platform  below  its  ordinary 
level,  and  also  drawing  down  the  chain  by  means  of  the  sus- 
pension rods,  and  causing  it  to  assume  the  form  shown  by 
the  lower  dotted  lines  ;  the  depression  of  the  chain  at  f  will, 
however,  be  attended  by  an  elevation  at  o,  on  the  opposite 


rfi'T 


Fig.  151. 

side  of  the  centre  of  the  bridge,  and  a  corresponding  eleva- 
tion in  the  platform.  The  form  of  the  chain  will,  therefore, 
now  become  as  shown  by  the  dotted  line  a  o  b  f  d,  and  the 
platform,  instead  of  being  level,  will  have  assumed  the  waved 
or  undulatory  form  shown  by  the  dotted  line  h  e.  If,  now, 
this  weight  be  again  suddenly  removed,  the  chain  and  plat- 
form will  immediately  return  to  their  former  positions  ;  but 
in  doing  so  they  will  have  acquired  a  certain  velocity  and 
momentum,  sufficient  to  carry  them  as  much  beyond  their 
proper  position  in  the  opposite  direction,  and  the  chain  and 
platform  will  assume  the  form  shown  by  the  dotted  lines 
A  I  B  0  D  and  K  M,  in  which  the  parts  previously  depressed 
are  now  elevated,  and  vice  versa ;  this  position  will,  however, 
be  only  momentary ,  and  they  will  once  more  return  nearly 
^  the  poBitioD  which  they  at  &tsl  tca^^mi^d  ^hen  under  the 
inSaence  of  the  weight.     And  ttma  l\ie^  ^'J^  tonNJoixx^Xsi^ 
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state  of  vibration  until  the  effects  of  the  disturbing  force  has 
been  gradually  absorbed  by  the  resistance  of  the  chains  and 
platform  to  motion. 

In  all  cases  it  is  important  to  render  the  platform  itself  as 
stiff  and  rigid  as  possible,  and,  further,  to  connect  the  chains 
on  each  side  of  the  bridge  so  together  as  to  constitute  essen- 
tially but  one  chain,  as  in  those  of  the  Charing  Cross  Bridge, 
80  that,  their  weight  being  greater,  they  will  require  a  more 
considerable  force  to  put  them  into  motion  than  where  the 
chains  are  separate,  as  in  the  Menai  Bridge. 

We  have  in  the  following  table  given  the  chief  dimensions 
of  some  of  the  principal  suspension  bridges  which  have  been 
constructed,  either  in  this  country  or  abroad ;  and  in  Figs.  152 
we  have  given  transverse  sections  of  the  chains,  showing  the 
arrangement  and  disposition  of  the  links  composing  them 
which  has  in  each  case  been  adopted. 
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No.  1,  Union  Bridge. 
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No.  2,  Brighton  Pier, 
nil/ 


No.  3,  Isle  of  Bourbon. 
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No.  4,  Hammersmith  Bridge. 
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No.  6f  Menai  Bridge. 
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No.  6,  Conway  Bridge. 
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No.  7,  Bridge  of  Vienna. 
No.  8,  Montrose  Bridge. 
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No.  9,  Pont  dee  Inyalides. 
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No.  10,  Fribourg  Bridge. 

'  ##  •4.0'^  #• 

No.  11,  Charing  Cross  Bridge  (late). 


nuuuH)  nuunii 

Figs.  152  {continued). 

The  chaisB  of  the  Union  Bridge,  No.  1,  the  Pier  at  Brigh- 
ton, No.  2,  the  Bridge  in  the  Isle  of  Bourbon,  No.  8,  and 
the  Pont  des  Invalides,  No.  9,  are  formed  of  rods  of  round 
iron ;  the  others,  with  the  exception  of  the  bridge  over  the 
Danube,  No.  7,  and  the  Fribourg  Bridge,  No.  10,  are  formed 
with  flat  bars  of  wrought  iron,  grouped  together  in  chains,  in 
the  manner  shown  in  the  figures.  The  chains  of  the  bridge 
over  the  Danube  are  of  steel,  a  material  adopted  by  the 
engineer,  H.  Mitis,  on  account  of  its  great  strength  combined 
with  lightness.  It  is,  however,  very  questionable  whether 
this  supposed  advantage  is  not  the  reverse,  since  from  the 
extreme  lightness  of  the  chains  of  this  bridge,  as  compared 
^vith  the  weight  of  the  platform  (the  latter  being  nearly  five 
times  as  heavy  as  the  former),  the  bridge  is  found  to  vibrate 
considerably  under  the  influence  of  heavy  loads  or  high 
winds,  notwithstanding  the  extreme  flatness  of  the  curve 
formed  by  its  chains,  the  deflection  being  less  as  compured 
with  the  span  than  that  of  any  of  the  other  bridges  mentioned 
in  the  table.  The  chains  of  the  Fribourg  Bridge  are  com- 
posed of  an  assemblage  of  wrought-iron  wires,  formed  into  a 
bundle  or  cable,  but  not  twisted  \  each  cable  is  composed  of 
twelve  strands  containing  each  flfty-six  wires,  and  eight 
strands  containing  each  forty-eight  wires,  making  in  the  total 
1,056  wires  in  each  chain  or  cable.  The  use  of  wire  as  a 
material  for  the  chains  of  suspension  bridges  has  been  very 
gener&l  on  the  Continent,  and,  in  many  respects,  it  is  well 
sdspted  for  the   purpose.    It  \i^,  Yio^^n^i,  V^^^w  urged 


SUSPENSION   BRIDGES.  269 

against  its  ase,  and  with  some  reason,  that  it  is  peculiarly 
liable  to  corrosion,  the  fabrication  of  the  chain  being  favour- 
able to  the  secretion  and  retention  of  moisture  within  the 
interstices  between  the  wires  by  capillary  attraction ;  and 
the  danger  of  the  interior  wires  being  by  these  means  cor- 
roded, without  the  possibility  of  its  being  detected  by  obser- 
vation. In  the  case  of  the  Fribourg  Bridge,  this  evil  was 
guarded  against  by  immersing  each  wire,  three  several  times, 
for  two  hours,  in  a  mixture  of  boiling  linseed  oil  with  a  small 
quantity  of  litharge  and  soot ;  and  the  same  composition  was 
afterwards  payed  over  the  separate  strands  and  the  finished 
cables. 

With  regard  to  the  arrangement  of  the  chains,  that  adopted 
in  the  Menai  and  Conway  Bridges,  Nos.  5  and  6,  namely,  of 
having  four  separate  chains,  and  placing  them  vertically  over 
each  other,  is  not  good,  in  consequence  of  the  large  surface 
which  they  thus  present  to  the  wind,  and,  being  separate, 
the  slight  force  required  to  throw  them  into  motion.  This 
disadvantage  was  very  evident  in  the  case  of  the  Menai 
Bridge  during  the  storm  of  January  7|  1889,  when  the 
lateral  motion  of  the  chains  was  so  considerable,  that, 
although  suspended  at  a  distance  of  12  feet  apart  (as  shown 
in  the  section),  they  had,  after  the  breaking  of  the  transverse 
ties  and  tubes,  been  thrown  so  violently  against  each  other 
as  to  cause  deep  indentations  in  the  iron  and  to  break  off  the 
heads  of  the  bolts,  the  shanks  of  which  were  8  inches  in 
diameter. 

In  arranging  the  proportions  to  be  given  to  the  several 
parts  of  a  suspension  bridge,  the  spans  and  deflections  of  the 
contiguous  openings  must  be  so  adjusted,  that  the  horizontal 
strains  produced  by  the  chains  on  each  side  of  the  pier  shall 
be  equal,  and  consequently  balance  each  other ;  for  other- 
wise, unless  the  saddle  to  which  the  chains  are  C0TmftR>\A.^ 
were  iaxed,  it  would  he  drawn  off  the  pieT  m  V!^<b  ^^^^^'k^  ^""^ 
ibe  greater  atrtdn,  and,  if  it  were  fixed,  ttie  «NaWia:\Vi  ^^  ^'^ 
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pier  would  be  endangered  from  the  tendency  of  the  greater 
strain  to  pull  it  over.  It  may  easily  be  ascertained  whether 
this  equality  in  the  horizontal  strains  exists  or  not,  in  the 
following  manner:  having  assumed  certain  proportions  for 
the  two  openings,  calculate,  by  means  of  the  rule  already 
given,  the  strain  upon  the  chains  of  each  opening  (taking  as 
the  point  d  that  in  which  the  chains  meet  the  pier) ;  the 
strains  thus  obtained  will  be  those  acting  in  the  direction  of 
the  chains,  and,  in  order  to  ascertain  the  equivalent  hori- 
zontal strains,  we  must,  by  means  of  the  rule  already 
given,  find  two  points  in  each  of  the  chains  near  the 
pier,  from  which  we  shall  ascertain  their  directions,  and 
we  may  then  easily  find  the  amount  of  the  horizontal  strains 
by  resolving  each  of  the  strains  acting  in  the  direction  of 
the  chains  into  two  others,  one  acting  vertically  and  the 
other  horizontally,  in  the  same  manner  as  has  been  already 
explained.  Should  it  thus  be  found  that  the  horizontal 
strain  produced  by  the  chains  on  one  side  of  the  pier 
would  be  greater  than  that  produced  upon  the  other,  their 
relative  proportions  must  be  varied  until  they  are  made  to 
balance  each  other. 


Clifton  Suspension  Bridge. 

[The    late    Hungerford  Suspension  Bridge,  across  the 
Thames  at  Charing  Cross,  was  removed  to  make  way  for  the 
erection  of  the  railway  bridge  already  described.     The  mate- 
rials of  the  bridge  were  utilised  in  the  construction  of  the 
Clifton  Bridge  across  the  Avon  at  Bristol,  for  which  Mr. 
W.  H.  Barlow  and  Sir  John  Hawkshaw  were  the  engineers. 
The  bridge  has  a  span  of  702  feet  8  inches,  and  the  versed 
Bine  of  the  curve  of  the  chains  is  70  feet,  or  about  one- 
teDtb  of  the  span.      The  "wid^ibL  oi  ^^  Xmdi^^i^,  \xi^V\dixi^ 
roadway  and  footways,  is  81  ieel,  \3:x^  <i\MKcaa  w«k  ^^  l^^iiw 
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apart  between  centres,  and  the  roadway  is  cnrved  upward 
with  a  rise  of  2  feet.  The  height  of  the  roadway  above 
high- water  level  is  248  feet. 

The  chains  are  carried  upon  the  piers  by  wronght-iron 
saddles,  placed  on  roller  frames  of  cast  iron,  the  rollers  being 
of  cast  steel.  The  beds  of  the  roller  frames  are  laid  at  an  angle* 
of  1  in  20,  rising  towards  the  river.  At  a  distance  of  196 
feet  from  the  centres  of  the  piers  landwards,  land  saddles 
are  placed,  without  rollers,  bedded  upon  brickwork  of  Staf- 
fordshire bine  bricks,  in  cement  set  upon  the  solid  rock.  At 
an  additional  distance  of  60  feet,  at  an  inclination  of  45^, 
the  chains  are  carried  to  the  anchorage.  In  this  length  they 
diverge  to  a  distance  of  5  feet  apart,  and  they  are  inserted 
through  the  castings  which  form  the  anchorage  plates — one 
plate  to  each  chain.  Each  anchorage  plate,  5  feet  by  6  feet, 
is  bedded  upon  a  mass  of  brickwork  set  in  cement,  built  in 
the  form  of  an  arch  in  plan,  abutting  upon  the  solid  rock. 

The  sectional  area  of  the  chains  at  the  piers  is  481  square 
inches,  and  at  the  centre  of  the  span  440  square  inches.  The 
weight  of  the  chains  between  the  piers  is  664  tons.  The  stress 
on  the  chains  at  the  centre  of  the  bridge  caused  by  the  weight 
of  the  chains  themselves  is  nearly  680  tons.  The  weight  of 
the  suspension  rods,  longitudinal  girders,  transverse  girders, 
cross-bracing,  hand-railing,  roadway,  &c.,  is  about  440  tons, 
causing  a  stress,  approximately,  of  697  tons  at  the  centre  of 
the  chains.  The  maximum  moving  load,  estimated  at  70  lbs. 
per  square  foot,  amounts  to  600  tons,  which  would  cause  a 
stress  of  817  tons  at  the  centre  of  the  chain. 

The  total  maximum  stress  at  the  centre  of  the  chain  is, 
then,  as  follows : — 

Stress  due  to  the  chains 680 

Ditto  due  to  the  weight  of  the  platform,  rods,  &c.        697 
Ditto  due  to  the  maximum  moving  load       .        .      817 

Total  mazimma  streBS      •        .  *I^V^^V 
Distributed  on  a  sectional  area  of  440  ac^OAX^  Sxidckfia<iH^^ 
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maximum  stress  would  amount  to  4}  tons  per  square  inch  of 
section  of  the  chains.  The  stress  due  to  the  weight  of  the 
bridge  itself  is  at  the  rate  of  2'90  tons  per  square  inch. 

The  suspension  rods  are  each  a  little  more  than  2  square 
inches  in  section,  on  which  the  maximum  stress  would 
amount  to  A^  tons  per  square  inch. 

The  maximum  pressure  on  the  brickwork  cannot  exceed 
10  tons  per  square  foot. 

In  order  to  provide  for  the  effects  of  expansion  and  con- 
traction, and  to  allow  for  the  movement  occasioned  by  wind, 
or  by  the  passage  of  heavy  loads  across  the  bridge,  the  two 
extremities  of  the  roadway  are  fitted  with  jointed  ends  or 
flaps,  8  feet  long,  which  admit  of  perfect  freedom  of  move- 
ment both  vertically  and  in  the  direction  of  the  length  of  the 
bridge. 

The  bridge  was  tested  by  a  load  of  500  tons  of  stone  dis- 
tributed over  the  surface.  The  total  deflection  under  the 
load  was  7  inches  at  the  centre  of  the  bridge,  arising  partly 
from  the  altered  position  of  the  saddles  upon  the  piers.  The 
cost  of  the  bridge  amounted  to  ^634,975. 

In  gales  of  winds  there  is  a  horizontal  deflection  of  the 
bridge,  just  perceptible.  Secondly,  an  undulation  from  end 
to  end — a  slow  and  stately  movement  of  the  structure,  a 
rising  and  falling  of  the  roadway  about  halfway  between  the 
centre  and  the  abutments,  to  the  extent  of  about  6  inches 
above  and  6  inches  below  the  mean  level.  Thirdly,  deflec- 
tion of  the  land  chains.*] 

*  See  Mr.  W.  H.  Barlow's  paper  on  the  Clifton  Suspension  Bridges 
in  the  Ftooeedingg  of  th€  Institution  of  Civil  Engineers,  yoL  xxvi.,  p.  243. 


CHAPTER   XXI. 


MOVABLE     BRIDGES. 


[Mb.  James  Price,  in  the  paper  already  referred  to,  classified 
Movable  Bridges    into — 

1.  Bascules. 

2.  Swings. 

8.  Traversing. 

4.  Vertical  Lifts. 

5.  Pontoons. 

From  this  paper  the  annexed  Table  of  Movable  Bridges 
is  copied. 
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CHAPTER  XXn. 
TUNNELS. 

GeNEBAL    AfiBANOEMENT. 

The  importance  of  tunnels  as  a  means  of  commnnication  is 
80  evident  as  to  require  no  insisting  upon  in  this  place.  The 
attention  of  the  engineer  was  early  devoted  to  their  construc- 
tion, and  they  have  afforded  a  field  for  the  development  of 
some  of  the  greatest  proofs  of  his  skill. 

Before  any  decision  can  be  arrived  at  by  the  engineer  as 
to  the  course,  levels,  dimensions,  and  mode  of  construction 
to  be  adopted,  careful  surveys  and  examination  of  the  strata 
geologically  are  requisite,  together  with  levels  or  soundings 
from  which  a  profile  or  section  of  the  surface  of  the  ground 
to  be  passed  under  may  be  made.  The  geological  character 
of  the  strata  must  be  ascertained  either  by  borings,  by  sinking 
trial  shafts  or  pits  on  the  line  of  the  intended  tunnel,  or  by  a 
small  driftway  or  heading  nearly  following  its  course.  The 
trial  shafts  thus  sunk  serve  afterwards  as  working  shafts 
through  which  the  earth  from  the  tunnel  can  be  raised 
during  its  progress,  and,  by  working  either  way  from  them, 
enabling  the  work  to  be  carried  on  with  great  rapidity  by 
breaking  up  the  tunnel  into  short  lengths,  and,  on  the  com- 
pletion of  the  work,  affording  the  means  of  light  and  ventila- 
tion. The  advantage  of  a  driftway  consists  in  the  more 
perfect  drainage  of  the  ground  through  which  the  tunnel  is 
to  be  formed,  and  ita  insuring  ttie  cerldxiiV.'^  ol  >Qdl^  Vqxss^^ 
being  formed  correctly  on  the  line  m\ien&e&..    ^X!>[ift  tss^Njox^  ^^ 
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the  various  strata  to  be  passed  through  having  been  accu- 
rately ascertained  by  one  or  other  of  these  means,  the 
engineer  will  be  enabled  to  determine  upon  the  best  form  of 
transverse  section  to  be  adopted  for  the  tunnel,  and  upon  the 
thickness  of  the  masonry  requisite  to  support  securely  the 
sides  and  roof;  and  he  will  be  further  enabled  to  judge  of 
the  probable  amount  of  water  to  be  met  with,  and  to  make 
such  preparations,  by  the  provision  of  proper  and  sufficient 
means  of  withdrawing  it,  as  to  prevent  delays  in  the  progress 
of  the  work.  He  will  also,  by  such  a  particular  acquaintance 
with  the  nature  of  the  ground,  be  enabled  to  devise  the  sim- 
plest mode  of  securing  the  ground  temporarily  during  the 
construction  of  the  tunnel,  and  of  anticipating  and  preparing 
for  any  difficulties  arising  from  the  varying  character  of  the 
soil. 

The  subjoined  table  exhibits  the  principal  dimensions  of 
some  of  the  most  important  tunnels  which  have  been  con- 
structed, together  with  the  general  nature  of  the  ground 
through  which  they  were  made,  the  name  of  their  engineer, 
the  materials  of  which  formed,  and  their  cost. 
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Fig.  153  is  a  transverse  section  of  the  tunnel  constructed 
originally  for  the  Thames  and  Medway  Canal,  but  now  used 
for  the  North  Kent  Bailway  ;  Fig.  154  is  a  section  of  the 
tunnel  carrying  the  Regent's  Canal  through  Islington ; 
Fig.  155  a  section  of  the  Harecastle  Tunnel  on  the  Tetney 
Haven  Canal,  made  by  Telford,  to  take  the  place  of  a  smaller 


Fig.  188.— Tunnel,  Thames  and  Medway  Canal. 

one  previously  made  by  Brindley  ;  Fig.  156  is  a  section  of 
the  tunnel  for  the  North-Western  Railway  at  Watford ; 
Fig.  157  is  a  section  of  the  tunnel  near  Bath,  for  the  Great 
Western  Railway ;  and  Fig.  158  is  a  figure  of  the  Blechingley 
Tunnel,  on  the  South-Eastern  Railway.  The  transverse 
section  of  the  Saltwood  Tunnel  \&  ^Te<sv&c\^  ^voi^t  \«^  t\ift 
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last,  with  the  exception  of  being  6  inches  greater  in  height. 


Fig.  IM.— Tunnel,  Begenf  ■  Canal.    Fig,  156.— Tunnel,  Tetney  Haven  Canal. 


Fig.  166.— Railway  Tunnel,  Watford,  London  and  North  Western  RaUway. 


The  whole  of  the  foregoing  sections  are  drawn  to  a  Tuu£viT\s5L 
scale  of  12  feet  to  the  inch. 
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Fig.  167.->RaiIwa7  Tunnel,  Bath,  Great  Western  Railway, 


Fig.  168.— B\eclun^«y'^^«^- 
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Mode  of  constbuotino  Obdinabt  Tunnels. 

Having  determined  apon  the  exact  course  of  the  tunnel, 
the  next  point  is  to  arrange  the  position  of  the  shafts. 
These  are  best  placed  at  eqnal  distances,  and  their  frequency 
sSbnld  depend  upon  the  time  in  which  it  is  necessary  to 
complete  the  work.  There  is,  however,  a  certain  distance 
in  every  case  which  will  be  more  economical  than  any  other, 
and  this  will  be  readily  understood  if  we  bear  in  mind  that 
the  cost  of  the  tannel  itself  per  foot  forward  becomes  greater 
as  its  distance  from  the  working  shaft  increases,  so  that  by 
lessening  the  distance  between  the  shafts  and  increasing 
their  nnmber  we  diminish  the  cost  of  the  tannel  itself; 
when,  however,  the  shafts  are  placed  too  close,  their  cost 
becomes  greater  than  the  saving  npon  the  tunnel,  and  there 
will  therefore,  in  dvery  case,  be  a  certain  distance,  depending 
npon  the  relative  cost  of  the  tunnels  and  shafts,  at  which  the 
expense  of  the  whole  work  will  be  a  minimum. 

There  are  two  methods  in  ordinary  use  for  sinking  the 
shafts :  the  first  can  only  be  followed  when  the  ground 
through  which  it  has  to  be  sunk  is  tolerably  firm  and  free 
from  water,  and  consists  in  making  an  open  excavation  of 
the  form  and  dimensions  of  the  shaft,  including  space  for 
the  internal  lining  of  brick  or  other  materials,  and  to  such  a 
depth  as  the  nature  of  the  ground  may  indicate  to  be  safe. 
A  ring  or  curb  (as  it  is  technically  called)  of  timber  is  then 
laid  on  the  bottom  of  the  excavation,  previously  levelled  to 
receive  it.  This  curb  is  formed  either  of  one  thickness  with 
lapped  joints,  or  in  two  thicknesses  breaking  joint  (as  shown 
at  A  A,  Figs.  159  and  160)  securely  bolted  together.  The 
thickness  of  the  curb  should  depend  upon  the  dimensions  of 
the  shaft,  being  in  no  case  less  than  8  inches ;  its  internal 
diameter  should  be  the  same  as  that  of  the  shaft,  and  its 
breadth  may  be  made  greater,  as  shown  in  ihe  ^^^^%^  ^^  ^% 
to  project  into  the  ground  and  assiat  in  B\rp^ot\.vii^  NiJaa  ^VrQ»R»- 

o 
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tnre.    As  the  curb  becomes  a  part  of  the  permanent  work, 
it  shonld  be  of  oak  or  elm  timber  of  the  best  qnality.     The 


Fig.ue.— SlwttotTi 

curb   being  placed,  the  wall  oi  lining  (b  b)  of  the  shaft 


Fig.  180.— Cntb  Alt  BnildiDS  Bbift. ' 


Mboald  be  proceeded  witli,  especui  cu«  being  taken  to  ram 
in  tile  ground  firmly  on  Qu  outoE  i^q,  v>  bb  'w  \«wi«  i»> 


•PH6  or  vaenity :  indeed  it  te  impossible,  in  all  openitionB 
in  tnnnels  and  other  sobterruiean  works,  to  pay  too  mneh 
attention  to  prevent  the  slightest  vaaaity  between  the  work 
uid  the  grooad ;  but,  on  the  contrary,  whenever  the  gronnd 
is  at  all  loose  or  disposed  to  move,  every  inch  of  snrfJEtoe 
should  be  well  supported,  uid  not  only  supported,  bnt  well 
stmtted  against,  so  as  to  maintain  an  active  preasnre  at  all 
times  against  it.  As  soon  as  the  brickwork  forming  the 
lining  has  been  carried  ap  to  the  level  of  the  groond,  and 


■—BtmAoITnaatL 


the  earth  secnrety  rammed  or  punned  in  behind  it,  the  exea- 
vatiou  for  a  second  length  may  be  proceeded  with.  This, 
however,  mnat  be  done  with  oantion,  so  as  not  to  endanger 
the  stability  of  the  portion  already  bnilt  by  nnderminiug  iU 
foundation.  We  mast  first  carry  down  the  excavation  in 
the  centre  of  the  interior  of  the  shaft,  leaving  sufficient 
gtonnd  nnder  the  carb  safely  to  support  it ;  we  may  th«n. 
MntioDfilf  maovo  the  ground  from  un&oi  &«  cnx\»  *>•  Vn'&t 
o2 
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Opposite  points,  leaving  the  intermediate  ground  to  form 
piers  for  its  support.  The  spaces  or  recesses  thus  excavated 
afford  the  means  of  introducing  shores  or  props  for  the  tem- 
porary support  of  the  curh  while  the  remainder  of  the  ground 
is  being  removed.  These  props  should  be  placed  in  an  in- 
clined position,  as  shown  at  o  c  c,  Fig.  161,  so  as  not  to  be 
in  the  way  of  the  second  curb  ;  they  should  be  spiked  to  the 
upper  curb,  to  secure  them  from  slipping  out  of  place,  and 
should  rest  at  their  lower  extremity  upon  a  broad  sole  piece, 
D  D  D,  to  prevent  their  sinking  into  the  ground.  The  props 
having  been  introduced,  the  remainder  of  the  ground  may  be 
removed,  a  second  curb,  similar  in  every  respect  to  the 
former,  laid  at  the  bottom  of  the  excavation,  and  the  lining 
of  brickwork  proceeded  with,  in  the  spaces  between  the 
timber  struts,  in  the  manner  shown  in  Fig.  161.  Upon  the 
brickwork  being  brought  up  to  the  under  side  of  the  first 
curb,  great  care  should  be  taken  in  perfectly  filling  up  the 
space,  so  that  the  curb  may  have  a  firm  and  secure  bed  upon 
the  brickwork  below  it.  .The  props  or  struts  may  then  be 
removed,  and  the  brickwork  completed  in  the  spaces  which 
they  had  occupied.  The  excavation  should  be  again  pro- 
ceeded with,  and  the  various  operations  already  described 
repeated  until  the  shaft  has  attained  the  required  depth. 
The  mode  of  building  shafts  which  has  just  been  described 
is  technically  termed  underpinning. 

The  second  method  is  frequently  employed  in  sinking 
wells,  and  must  always  be  adopted  when  the  soil  is  too 
loose  or  full  of  water  to  allow  of  an  open  excavation  being 
made  with  safety.  It  consists  in  forming  the  curb  as  shown 
at  A  A,  Fig.  162,  with  a  sharp  edge  or  rim,  instead  of  having 
a  broad  flat  surface,  as  in  the  former  case ;  upon  this  curb 
the  brickwork  of  the  shaft  is  to  be  built  as  before  until  car- 
ried up  to  the  level  of  the  surface.  The  excavation  within 
ibe  ahaft  is  then  to  be  proceeded  with,  the  whole  of  the 
ground  being   in  this  case  removed  Itom  xxh^^t  \k^  <iurb^ 
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which,  being  thus  left  without  sapport,  and  being  loaded 
with  tho  weight  of  the  brickwork  npon  it,  will  gradually 
descend ;  and  thus,  ae  the  escavation  is  carried  down,  the 
corb  will  follow,  and  as  it  sinks  the  wall  must  be  carried  np, 
80  as  to  maintain  it  level  with  the  sori'ace  of  the  gronud. 
The  principal  care  leqoired  in  this  mode  of  sinking  shafts  is, 
to  avoid  one  side  of  the  cnrb  descending  more  rapidly  than 
the  opposite  one,  by  which  the  shaft  would  be  thrown  out  of 
the  perpendicular,  and  so  much  resistance  occasioned  as 
possibly  to  prevent  its  further  descent.  By  a  little  manage- 
ment, however,  in  the  removal  of  the  ground  from  beneath 


the  curb,  this  may  be  usually  avoided ;  and,  when  earth- 
bound,  the  shaft  may  frequently  be  set  free  again  by  pouring 
water  around  it,  so  as  to  soften  the  ground  on  its  outer  side. 
A  very  good  precaution  against  a  shaft  becoming  earth- 
bound  is  to  bnild  it  slightly  tapering  upwards ;  this 
(aperiug,  however,  should  not  be  too  considerable,  other- 
wise the  space  left  around  it  by  the  descent  of  the  shaft 
would  he  sufficient  to  loosen  and  dislocate  the  surrounding 
ground. 

The  brick  shaft  having,  by  one  or  other  of  these  means, 
been  carried  down  to  within  a  few  feel  of  \,U%  ^^  >:i\  %i% 
intended  tannel,  tho  excavation  should  thftii  \)«  g«.vi.M\i:iM!^'^ 


294  THB   RUDIMENTS  OF   CIVIL   ENGINEERING. 


jng.  m.— BlBltotTimwA.' 
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proceeded  with,  the  sides  being  secored  with  timber  framing 
ftnd  planks,  ontil  curled  below  the  level  of  the  bottom  of  the 
tnnnel.  Futiculu  care  Bhonld  be  taken  that  no  movement 
in  the  ground  takes  place,  because  the  difficulty  of  forming 
the  toDiiel  wonld  be  greatly  increased  if  the  gronod  through 
which  it  had  to  be  formed  bad  been  previoasl;  disturbed. 
The  manner  of  securing  the  lower  portion  of  the  excavation 
with  timber  is  shown  in  Figs.  168  and  164,  the  former  being 
a  vertical,  and  the  latter  a  horizontal  section.     Previously, 

□  however,  to  carrying  down  the  excavation 
below  the  brickwork  of  the  shaft,  some 
means  mnst  be  adopted  for  its  support, 
as  the  mere  friction  of  the  ground  against 
its  exterior  sorface  would  not  be  sufficient 
to  saslain  its  weight.     It  is  therefore 
necessary  either  to  support  it  by  intro- 
¥ig.  iSL— Bhilt.       ducing  Umbers  underneath  it,  as  shown 
at  A  A,  in  Fig.  169,  or  to  snspend  it  by  rods  secured  to 
timbers  resting  on  the  surface  of  the  gronnd,  as  shown  at  b  b. 
A  BmaU  driftway  or  beading  shonld  now  be  commenced 
about  the  level  of  the  bottom  of  the 
tunnel,  and  having  a  sufficient  inclina- 
I   tioD  given  to  it  to  enable  any  water 
met  with  to  drain  into  the  bottom 
of  the  shaft,  which  thus  becomes  a 
well  or  snmp  for  the  drainage  of  the 
works,  and   from  which  the  water 
may  easily  be  removed  by  any  of 
the  Dsnal  methods.    The  dimensions 
I  of  the  beading  should  be  sufficient 
1  to  enable  a  man  to  work  in  it  without 
[  inconvenience.     The  usual   az^   is 
about  8  feet  wide  and  6  or  6  feet  in 
height;  its  ddes  should  be  secured 
with  timber,  as  shown  in  the  trauBveiM  aec\Aon'¥\%.\%%. 


luii-itiulin;J  SL-L'liuii  uf  ;.  l")Hiim  -il'  il   tllliutt 

i  of  couxlructiou.  c  is  the  drll'tway,  which  baa 
been  carried  forward  to  meet  that  from  the  next  shaft,  bo  as 
to  form  a  continuona  meaoe  of  commonicatioD  from  shaft 
to  shaft,  the  importance  of  which  is  considerable  in  enabling 
th«  directioa  and  level  of  the  tnunel  to  be  set  ont  wilhoat 
chance  of  error. 

Those  preliminary  works  having  been  completed,  and  the 
farm  and  dimensions  of  the  tnntiel  determined,  the  ezcava- 


Tig.  lat.— ExnntloD  of  Tiuio^ 
tion  for  it  mnst  be  commenced,  the  ground  being  sapported 
by  means  of  timber  and  planks  in  the  manner  shown  in 
Figs.  166  and  167.  The  longitudinal  timbers,  a  a,  an 
termed  bars,  and  the  transverse  planks,  b  b,  polingt.  The 
length  thns  excavated  at  a  time  mnst  depend  upon  the 
quality  of  the  ground ;  but  as  it  is  always  desirable  that 
the  surface  of  the  ground  should  be  exposed  to  the  atmo- 
spheric influence  for  as  short  a  time  as  possible,  it  is  not 
proper  lo  proceed  too  far  before  inserting  the  brickwork. 
To  iuBore  the  brickwork  of  Ihe  tQiui«i\  \Mm%\ica,«\&^>ynD.^ 


TUNNBLS.  297 

carved  templates  are  used  for  the  invert  and  Bides,  while  the 
upper  portion  ia  tnmed  apon  a  centre  Himilar  to  thoae  em- 
ployed for  taming  the  arches  of  bridges.  Ah  the  brickwork 
proceeds,  the  bars  and  polings  mast  he  carefully  removed, 
and  any  vacaity  thus  left  moat  be  filled  with  earth  well 
rammed  In,  so  as  to  prevent  any  settlement  of  the  ground, 
which  would  occasion  nneqnal  atraina  npon  the  body  of  the 
tunnel.  Aa  in  moat  strata  some  amonnt  of  HetUement  will 
take  place  in  the  enperincumbent  ground  before  the  brick- 


Vif.  im.—EinajiUoa  otToimal, 


work  can  be  got  in,  the  timber  and  polings  should  be  placed 
a  few  inehea  above  the  top  of  the  tunnel. 

Aa  soon  as  a  length  of  brickwork  has  been  got  in  on  each 
side  of  the  shaft,  the  temporary  timber  work  of  the  lower 
portion  of  the  shaft  should  be  carefully  removed,  the  ground 
excavated  to  the  trne  form  of  the  tunnel,  and  the  brickwork 
introdnced ;  being  securely  bonded  with  and  connected  to 
that  already  bnilt  on  either  aide,  and  the  brickwork  of  the 
shaft  being  earned  down  to  meet  "Ca&i  ot  &«  Vum^.  ''^t\i9^ 
o3 
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this  has  been  properly  effected,  much  of  the  danger  and  diffi- 
•olty  of  the  work  may  be  considered  as  having  been  sor- 
mounted.     The  excavation  of  the  face  of  the  work  most  then 
be  proceeded  with,  the  top  and  as  much  of  the  sides  of  the 
work  being  supported  by  polings  as  may  be  found  necessaiy, 
especial  care  being  taken  to  prevent  any  disruption  or  move- 
ment of  the  ground.     When  the  faces  of  the  two  opposite 
workings  approach  within  a  short  distance  of  each  other, 
great  caution  is  necessary  to   avoid  the   thin   partition  of 
ground  being  disturbed.     When  sandy  or  other  loose  strata 
containing  large  quantities  of  water  are  met  with,  peculiar 
precautions  must  be  taken  to  prevent  the  loose  ground  being 
washed  in  with  the  water,  which  would  occasion  cavities  to 
be  left  in  the  surrounding  ground.     It  would,  however,  be 
equally  dangerous  to  dam  back  and  confine  the  water,  and 
therefore  such  means  must  be  resorted  to  as  will  permit  the 
water  to  percolate  into  the  work,  but  prevent  the  ground 
being  brought  with  it :  a  very  simple  and  effectual  mode* 
under  ordinary  circumstances,  is  to  thrust  straw  into  any 
opening  from  whence  muddy  water  is  found  to  proceed. 

Upon  the  completion  of  the  tunnel  it  is  desirable  that  the 
shafts  should  be  kept  open,  to  afford  light  and  the  means  of 
ventilation ;  but,  in  order  to  avoid  accidents,  it  is  advisable 
to  carry  up  the  brickwork  to  a  height  of  8  or  10  feet  above 
the  surface  of  the  ground,  and  to  cover  the  opening  or  mouth 
with  a  strong  iron  grating. 

Should  the  strata  through  which  the  tunnel  has  been  eon- 
structed  contain  much  water,  a  certain  portion  will  be  found 
to  penetrate  the  brickwork,  however  carefully  built,  and  in 
such  a  case  a  small  drain  or  culvert  should  be  formed  along 
the  centre  or  lowest  part  of  the  invert. 

Mode  of  oonstbuotino  Subaqueous  Tunnels. 

We  BbaU  now  proceed  to  describe  generally  the  mode 
skk^ied  in  the  oonstmotion  of  ihe  Viniic\\uDA«t  >^^T\3AniAa 
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between  Rotberhitlie  and  Wappiog.    The  form  of  the  tannel 


Ttg.  188,— TliuaMTimiid. 

will  be  tinderatood  by  a  refere&oe  to  Fig.  1Q8,  tvna  '«\a^''A. 
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will  be  seen  that  the  extomsil  form  is  rectangular,  the  reason 
for  which  waa  that  tbe  etrata  being  horizontal,  and,  from 
their  prosimity  to  the  river,  Bubjected  to  constantly  varying 
presBure,  it  was  considered  that  a  circolar  strncture  would 
have  been  exposed  to  very  irregular  strains  The  archway 
was  made  double,  in  order  that  carriages  might  not  have  to 
meet  and  pass  m  the  same  opening,  and  the  centre  or  parti- 
tion wall  thus  formed  was  pierced  with  frequent  arches,  as 
shown  m  the  longitudinal  section.  Fig.  169,  which  serve  as 
a  means  of  communication  between  the  two  archways, 
and  form  a  very  pleasing  architectural  feature  m  the  tunnel. 


Fig.  160.— Thum  Timnel ;  LangLtndliuil  Saetlmi. 

The  external  dimeneions  of  the  excavation  are — in  height 
22  feet  8  inches,  and  in  breadth  87  feet  6  inches,  its  total 
length  is  about  1,200  feet.  The  height  of  the  archway  is 
17  feet,  and  the  width  of  each  on  the  springing  line  14  feet ; 
the  upper  portion  is  semicircular  in  form,  and  the  side  walls 
and  invert  segmental.  The  tunnel  is  built  principally  in 
half-brick  rings,  the  thickness  of  the  brickwork  at  the  orown 
of  the  arch  being  2  feet  6  inches,  and  the  same  below  the 
invert,  which  is  laid  upon  S-iuch  elm  planks.  The  external 
piers  are  each  8  feet  thick  on  the  springing  line,  and  the 
centre  pier  ia  8  feet  6  inches.  The  left-hand  half  of 
ibe   geation,   Fig.    168,  exlubite   &e  mo^  va  -«\^<^\l  the 
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bricks  were  arranged  when  working  in  9-inch  rings,  and  the 
righi-hand  half  when  4^-inch  work  was  employed.  The 
tunnel  was  built  of  the  hardest  picked  stock  bricks,  laid  in 
Roman  cement  of  the  best  quality,  those  portions  of  the 
work  which  were  most  exposed  to  the  action  of  the  water 
being  laid  in  pure  cement,  and  the  other  portions  in  half 
eement  and  half  pure  sharp  sand.  The  bricks  for  the  semi- 
circular arches  are  made  in  a  wedge  form,  so  as  to  produce 
parallel  joints. 

The  section,  Fig.  168,  is  taken  in  the  centre  of  the  tunnel, 
in  the  deepest  part,  showing  the  order  and  position  of  the 
various  strata  met  with,  as  they  would  have  been  found  if 
ihey  had  not  been  disturbed;  from  the  constant  runs  of 
loose  sand  and  the  action  of  the  water,  especially  on  the 
Wapping  side  of  the  river,  the  strata,  however,  were 
usually  found  considerably  dislocated  and  disturbed.  In  the 
section,  a  is  a  stratum  of  sand,  gravel,  mud,  and  river 
deposits ;  b,  a  bed  of  clay,  of  a  reddish-brown  colour ;  c,  a 
stratum  of  clay  mixed  with  silt;  d,  a  thin  layer  of  silt 
very  full  of  shells ;  e,  a  stratum  of  stiff  blue  clay ;  /,  a 
bed  of  clay  of  a  more  mottled  character,  containing  a  por- 
tion of  silt  and  a  number  of  shells ;  g,  a  stratum  of  indu- 
rated clay,  which  at  times  was  so  hard  as  to  require  wedges 
to  break  it  up ;  /i,  a  bed  of  gravel  and  sand  of  a  green 
colour ;  and  t,  a  similar  stratum,  but  somewhat  coarser. 

The  tunnel  was  commenced  on  the  Rotherhithe  side  of  the 
river  in  the  year  1826,  the  shaft  having  been  begun  early  in 
the  previous  year.  The  mode  adopted  in  the  sinking  of  the 
shaft  was  similar  to  that  described,  the  brickwork  being 
built  upon  a  sharp-edged  curb,  which  descended  gradually 
as  the  ground  was  removed  from  under  it.  When,  however, 
the  shaft  had  thus  been  sunk  to  a  depth  of  88  feet,  it  became 
earth-bound,  and,  although  loaded  with  a  considerable  ex- 
traneous weight,  and  the  water  allowed  to  rise  in  the  ^xc^- 
vation  for  the  purpose  of  softemng  tiiQ  g;coT>xi^>  Xkic^  iatOci&x 
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movement  took  place ;  it  was  therefore  determined  to  com- 
plete it  by  underpinning  in  the  manner  already  described,  and 
this,  after  mnch  trouble  and  difficolty,  arising  from  the  loose 
nature  of  the  ground,  was  successfully  accomplished.  When 
the  shaft  was  sunk  on  the  opposite  or  Wapping  side  of  the 
river,  the  difficulties  which  had  been  encountered  in  the  sink- 
ing of  the  former  one  were  provided  against,  and  the  opera- 
tion so  successfully  performed  that  the  shaft  was  sunk  to  its 
entire  depth  (upwards  of  72  feet)  without  becoming  at  all 
bound  ;  this  was  principally  owing  to  the  shaft  being  made 
larger  in  diameter  at  its  lower  end,  and  the  cast-iron  curb 
being  made  of  great  strength. 

Our  limits  will  not  permit,  and  the  object  of  the  present 
work  does  not  require,  our  giving  a  detailed  account  of  the 
many  casualties  and  difficulties  which  were  experienced  in 
the  course  of  the  work ;  we  shall  content  ourselves  with  a 
general  description  of  the  mode  in  which  the  tunnel  was 
constructed,  and  refer  the  reader  who  requires  further  details 
to  the  "  Memoir  of  the  Thames  Tunnel,"  in  4to. 

The  mode  of  securing  the  ground,  already  described  as 
being  employed  in  the  case  of  ordinary  tunnels,  would  have 
been  quite  inadequate  to  support  the  ground  and  the  exces- 
siva  and  constantly  varying  pressure  occasioned  by  the  river. 
To  meet  the  special  requirements  of  the  case,  Sir  Isambart 
Brunei  devised  a  machine,  constructed  entirely  of  iron,  and 
BO  original  in  its  character  as  to  enable  him  to  secure  the 
invention  by  letters  patent.  It  occupied  a  space  of  about 
8  feet  in  advance  of  the  brickwork,  and  consisted  of  twelve 
distinct  frames,  each  about  8  feet  in  width  and  22  feet  in 
height,  ranged  side  by  side,  like  the  books  on  the  shelves  of 
a  bookcase.  Each  of  these  frames  was  divided  vertically 
into  three  cells  by  cast-iron  floor-plates,  so  that  the  whole 
shield  consisted  of  86  cells.  The  roof  and  sides  were  secured 
by  s  number  ot  narrow  plates  of  metal,  overlapping  the 
portion  ot  the  brickwork  already  bxuit,  «iXi^  «ii\«itYEL^  the 


ground  in  advance  of  the  work ;  while  the  face  of  the  exca- 
vation was  secured  by  timber  polinys,  so  accurately  fitted  as 
to  leave  no  aperture  whatever  through  which  loose  strata 
could  find  their  way. 

The  following  brief  description  of  the  shield,  and  the 
mode  of  using  it,  is  extracted  from  Weale's  "  London 
Exhibited :  "— 

"  It  will  at  once  be  seen  how  admirably  the  shield  was 
adapted  for  the  duties  which  it  had  to  perform ;  the  chief  of 
these  was,  obviously,  to  support  the  ground,  but  a  quality 
equally  essential  was,  the  power  of  being  easily  advanced  or 
moved  forward,  as  the  tunnel  progressed.  Now,  by  its 
division  into  frames,  these  two  objects  were  at  once  attained, 
for  the  whole  was  so  contrived  that,  while  six  alternate 
frames  were  engaged  in  sustaining  the  pressure  of  the 
ground,  the  six  intermediate  frames  were  relieved  entirely 
from  all  pressure,  and  left  free  to  be  moved  forward  without 
resistance.  These,  in  their  turn,  then  became  the  pressure- 
bearers,  relieving  those  which  had  previously  relieved  them 
in  a  similar  manner,  and  enabling  them  to  be  advanced 
without  difficulty. 

"  <  It  has  been  already  said  that  the  shield,  as  first  designed 
by  Sir  Isambart,  bore  a  considerable  resemblance  to  the  worm 
from  which  the  first  idea  was  derived ;  but  the  present  shield 
has  much  more  aptly  been  compared  with  a  man,  to  whom, 
in  its  general  organization,  each  of  these  "  frames  "  or  divi- 
sions bears  a  resemblance ;  having  legs  with  both  a  knee  and 
ankle-joint,  with  which  it  alternately  steps  or  walks  on  in 
advance  of  the  brick  structure ;  arms,  with  which  it  supports 
and  steadies  itself,  or  lends  assistance  to  its  neighbours  when 
they  require  it;  and  a  head,  for  supporting  the  superin- 
cumbent earth,  which  can  be  raised  or  depressed,  or  altered 
in  its  direction,  as  circumstances  may  require.*  * 

'<  Fig.  170  afibrds  a  view  of  the  three  left-hand  frames  of 
•  "A  Memmr  of  the  Thames  TudhqV*  ^  ^^> 
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the  shield,  as  seen  from  the  tannel,  the  third  frame  being 
shown  in  section,  in  order  that  the  mechanism  may  be  more 
clearly  seen ;  and  Fig.  171  is  a  section  taken  through  the 
same  frame,  in  a  line  parallel  with  the  direction  of  the  tunnel, 
or  perpendicular  to  that  shown  in  Fig.  170.  The  sides  of  the 
boxes,  or  frames,  are  formed  by  strong  castings,  a  a,  securely 
bolted  to  the  floor-plates,  b  b,  which,  as  already  explained, 
served  to  separate  every  frame  into  three  stories,  or  boxes. 
The  middle  boxes  were  stiffened,  both  transversely  and  longi- 
tudinally, by  wrought-iron  stays  or  struts,  o  o  and  d  d  ;  and 
the  shield  was  strengthened  at  the  back  by  two  wrought- 
iron  straps,  e  e,  which  extended  from  the  top  to  the  bottom 
of  both  sides  of  each  frame,  passing  through  the  intermediate 
floor-plates.  The  framings  of  the  upper  and  lower  boxes  were 
sloped  away  at  the  back,  as  shown  in  Fig.  171,  to  allow  more 
room  for  the  bricklayers  in  putting  in  the  brickwork.  The 
lower  part  of  the  bottom  box  was  secured  by  a  wrought-iron 
stay  or  framing,  f  and  o,  and  the  upper  part  of  the  top  box 
by  two  similar  framings  of  wrought  iron,  h  and  i.  Each 
frame  was  supported  upon  two  long  jack-screws,  k  k,  which, 
from  the  duty  they  had  to  perform,  were  termed  legs ;  the 
lower  extremities  of  these  jacks  rested  upon  strong  wrought- 
iron  plates,  L  L,  termed  shoes ^  whose  object  was  to  distribute 
the  weight  of  the  frames,  together  with  the  pressure  of  the 
superincumbent  earth,  over  a  large  surface  or  base ;  beneath 
these  shoes  a  flooring  of  elm  planks,  8  inches  in  thickness, 
was  laid,  upon  which  the  brickwork  of  the  tunnel  was  built, 
after  the  ground  beneath  them  had  been  compressed  by  the 
weight  of  the  shield  passing  over  them.  The  leg  was  attached 
to  the  shoe  by  a  species  of  ankle-joint,  «,  resembling  in  prin- 
ciple the  method  adopted  for  mounting  mariners'  compasses, 
which  allowed  the  shoe  to  adjust  itself  readily  to  any  inequality 
in  the  ground.  At  the  upper  part  of  the  leg  was  a  knee-joint, 
M,  about  which  it  turned  in  the  act  of  stepping  forwaxd  \  t»Vi^ 
length  of  the  leg  could  he  varied  at  pleaBXne^X)^  TSki^^xiM^  oH'Oc^.^ 
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■erew  at  u,  turned  by  the  capstan-head  at  m,  and  a  second 
anziliaiy  one  in  the  middle  box,  n. 

**  The  frames  were  also  provided  with  slings,  or  arms,  o, 
consisting  of  strong  wronght-iron  bars,  attached  at  their  upper 
extremities  to  the  floor-plates  of  the  odd-numbered  frames, 
and  at  their  lower  extremities  to  the  floor-plates  of  the  even- 
numbered  frames ;  the  attachment  consisting  in  an  eye  fitting 
to  a  circular  pin  projecting  from  the  side  of  the  floor-plates, 
so  as  to  allow  a  freedom  of  motion  about  these  pins  as  a 
centre.  The  upper  and  lower  extremities  of  the  slings  con- 
Biflied  of  two  separate  bars  of  metal  connected  by  two  plates 
or  cheeks,  one  on  either  side,  through  which,  and  the  slings 
themselves,  metal  keys  or  wedges  passed,  by  the  tightening 
np  or  driving  back  of  which  the  length  of  the  slings  could 
be  increased  or  diminished  at  pleasure.  The  use  of  these 
slings  was  to  enable  one  frame  to  derive  support  from  its 
neighbour  on  either  side,  or,  in  its  turn,  to  afford  support  to 
either  of  its  neighbours.  Thus,  if  one  of  the  odd-numbered 
frames,  in  which  the  upper  extremities  of  the  slings  were 
attached  to  the  top  floor-plates,  was  required  to  be  supported 
independently  of  the  legs,  it  was  only  requisite  to  tighten 
np  the  wedges  and  lengthen  the  slings  to  raise  the  frame, 
and  relieve  the  legs  entirely  from  pressure ;  the  slings,  in  this 
ease,  pushing  up  the  frame.  While,  in  the  case  of  an  even- 
numbered  frame,  by  driving  back  the  wedges  of  the  slings  on 
■nther  side,  and  so  lessening  their  length,  the  frame  would  be 
drawn  up,  and  the  legs  relieved  from  the  office  of  supporting 
the  weight  of  the  frame. 

«  The  ground  over  the  roof  of  each  frame  was  supported 
by  two  plates  of  metal,  q  q,  the  tails  of  which  always  overlaid 
the  brickwork,  as  shown  in  Fig.  171,  and  the  points  entered 
the  ground  some  distance  in  advance  of  the  boards,  by  which 
the  front  of  the  shield  was  secured.  These  plates  of  metal 
(which  were  technically  termed  staves)  were  supported  upon 
a  cast-iron  Baddle  piece,  B,  resUng  wpon  ^  ^V\n^^%>^^^k^^ 
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IitUi'i',  Iji'iiiL^  .sii}>[)nrt.(l  ill  IVont  upon  ;i  khul  of  joint,  i',  anil 
at  the  back  upon  a  jack  or  strong  screw,  v,  could  bo  raised 
or  lowered  at  pleasare.  This  mode  of  supporting  the  top 
staves  allowed  of  their  being  brought  into  any  position,  or 
having  any  direction  given  to  them.  The  tails  of  the  staves 
were  supported  by  a  powerful  jack-screw,  w. 

''  The  sides  of  the  shield  wore  secured,  and  the  ground 
supported,  by  a  number  of  similar  staves,  z  z  z,  Fig.  170, 
attached  to  the  frames  by  a  sliding  bar,  passing  through  a 
block  secured  to  the  sides  of  the  external  frames,  in  such  a 
way  as  to  allow  of  their  direction  being  altered  as  circnm- 

tances  might  require.  The 
tails  of  the  side  staves  over- 
lapped the  brickwork  of  the 
tunnel  in  the  same  manner 
as  the  top  staves. 

'<  The  ground  in  front  of 
the  shield,  as  we  have  already 
mentioned,  was  supported  by 
small  boards  of  wood,  d  d^ 
termed  poling  hoards;   each 
frame   had  its    own   set   of 
])oli7igSj   their   length   corre- 
sponding with  the  width  of 
the  frames.     These   boards 
were  8  inches  in  thickness, 
6  inches   in   width,  and   at 
each    end    had    small    iron 
plates    let   in   containing   a 
recess,  into  which  the  head 
of  a  small  jack,  e  e  (termed 
the  poling  screws),  fitted;  the  other  end  of  these  screws, 
resting  in  recesses  formed  for  them,  in  the  front  rail  of  the 
easi'iroD  framing,  a  a,  composing  the  sides  of  each  box. 
"The  frames  of  the  shield  "wote  ivo\i  m  wsX.xxsX  <iwi\a.^\»^ 
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a  space  of  nearly  8  inches  being  maintained  between  them, 
to  avoid  the  resistance  which  woold  have  arisen  from  the 
firiction  of  the  frames  if  they  had  been  allowed  to  mb 
against  each  other ;  and  in  order  to  preserve  this  space,  the 
floor  plates  of  every  odd-numbered  frame  were  provided  at 
each  end  with  a  pair  of  wronght-iron  sectors  of  circles,  /  /, 
Fig.  172  (or,  as  they  were  termed,  quadrants),  the  heads  of 
which  bore  against  the  door-plates  of  the  even-numbered 
frames,  and  the  circumference  of  which  worked  at  the 
recesses  m  m,  formed  in  the  floor-plates  of  the  odd-numbered 
frames  for  their  reception.  The  quadrants  served  only  to 
prevent  the  frames  approaching  too  close :  to  obviate  their 
spreading,  a  powerful  tie,  formed  by  two  wrought-iron  bolts, 
t  tf  Fig.  170,  was  attached  to  the  two  external  frames. 

"  Each  frame  was  supported  and  maintained  in  a  vertical 
position  by  two  powerful  screws,  //,  Fig.  171,  termed  the 
abutmmt  screws,  one  at  the  top  and  one  at  its  lower  ex- 
tremity. The  heads  of  these  screws  rested  against  iron 
plates,  h  h,  which  served  to  throw  the  pressure  occasioned 
by  the  screw  over  a  larger  surface  of  the  brickwork.  It  was 
by  means  of  these  screws  that  the  frames  of  the  shield  were 
advanced.* 

«We  now  pass  on  to  describe  the  mode  in  which  the 
excavation  was  carried  on  and  the  shield  advanced.  We 
should  first  state,  that  every  alternate,  frame  of  the  shield 
stood  three  inches  in  front  of  the  intermediate  frames, 
which  latter,  when  advanced,  were  moved  forward  six  inches 
at  a  time,  so  as  then  to  stand  (in  their  turn)  three  inches  in 
advance  of  the  others.  Thus  the  odd-numbered  and  even- 
numbered  frames  alternately  stood  in  advance  of  each  other. 

•  "  It  should  be  mentioned  that  two  shields  were  employed  in  the 
conBtruction  of  the  tunnel.  That  which  we  have  just  described  was 
the  second,  and  contained  several  improvements  which  experience  had 
pointed  out.  They  were,  however,  identical  in  principle,  and  in  their 
general  modo  of  action." 
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We  shall  now  suppose  the  odd-nnmbered  frames  to  be 
behind,  and  proceed  to  detail  the  method  of  advancing  one 
of  them  (No.  III.),  which  will  sufficiently  explain  the 
process  adopted  in  the  case  of  any  one  of  the  rest. 
Fig.  178  represents  a  section  plan  of  a  portion  of  the 
firames  Nos.  U.,  III.,  and  lY.,  showing  the  relative  posi- 
tions of  the  front  rails  of  those  frames,  together  with  their 
poling  boards  and  the  poling  screws  which  supported  them. 
This  being  the  position  of  things,  the  first  operation  is,  to 
remove  the  poling  boards  of  the  frame  No.  lU.,  one  at  a 
time,  commencing  at  the  top  of  the  box,  and,  having  care- 
fully excavated  or  cut  away  the  ground  to  a  depth  of  three 
inches,  to  replace  the  poling  and  its  two  screws ;  but 
instead  of  resting  the  latter  upon  their  own  frame,  as  they 
were  before,  they  are  now  placed  against  the  front  rail 
of  the  two  other  frames  on  either  side,  as  shown  in 
Fig.  174  ;  the  object  of  this  arrangement  being,  that  the 
intermediate  frame,  after  all  the  poling  screws  have  been  so 
removed,  shall  be  left  entirely  free  to  be  advanced  or 
moved  forward  without  experiencing  any  resistance  from 
the  ground  against  its  poling  boards,  the  whole  of  which 
are  then  temporarily  supported  by  its  neighbouring  frames. 
The  frame  itself  is  then  moved  forward  the  required  distance, 
or  six  inches,  by  means  of  the  large  abutment  screws,  //, 
Fig.  171 ;  the  mode  of  operation  being,  first,  to  relieve  the 
legs  of  the  frame  from  weight  by  means  of  the  slings,  in 
the  manner  already  explained,  then  to  move  forward  the  two 
shoes  LL,  Fig.  170,  bringing  the  legs  into  the  sloping 
position  shown  in  Fig.  171,  after  which  the  frame  itself 
is  screwed  forward  by  turning  the  upper  and  lower  abut- 
ment screws  simultaneously,  until  the  legs  are  brought 
again  into  a  vertical  position,  and  the  frame  assumes  the 
situation  shown  in  Fig.  175,  being  then  three  inches  in 
advance  of  its  neighbours,  Nos.  11.  and  lY.  The  poling 
boards  are  now  again  removed,  tti^  gtowxi^  ^Tis.^  ts^^x^ 
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excavated  to  a  farther  depth  of  three  inches,  and  the  boards 
and  poling  screws  again  replaced,  the  latter  being  again 
restored  to  their  own  frame,  so  that  they  assnme  the  position 
shown  in  Fig.  176,  the  frames  and  polings  of  the  odd-nnm- 
bered  divisions  being  now  three  inches  in  advance  of  the 
even-nnmbered  frames,  which  latter,  in  their  torn,  will 
undergo  a  similar  operation  to  that  above  explained. 

**  In  Fig.  171  the  polings  in  the  upper  box  are  shown  as 
having  been  worked  forward,  while  in  the  middle  and  lower 
boxes  they  are  represented  as  being  in  the  act  of  being 
worked  ;  in  the  latter,  two  polings  are  shown  out  at  once  ; 
this  was  usually  allowed  in  the  lower  boxes,  the  ground  in 
which,  being  further  from  the  river,  was  usually  more  solid 
than  in  the  upper  boxes,  and  occasionally,  when  the  ground 
in  the  latter  was  unusually  good,  the  miners  in  those  boxes 
were  allowed  also  to  remove  two  polings  at  a  time. 

<*  When  the  whole  shield  had  thus  been  advanced  suffi- 
ciently to  admit  of  a  ring  of  brickwork  being  introduced,  this 
was  immediately  proceeded  with,  the  arches  being  turned 
upon  a  narrow  centering  or  profile,  v,  Fig.  171,  and  being 
inserted  behind  the  abutment  screws,//,  one  at  a  time,  care 
being  taken  that  none  of  the  poling  screws  were  resting  upon 
a  frame  whose  abutment  screws  were  not  in  proper  bearing. 
As  the  shield  advanced,  a  timber  stage  on  wheels  followed 
it,  which  afforded  ready  means  of  access  for  the  miners  and 
bricklayers  to  every  part  of  the  shield." 


CHAPTER  XXin. 

SYSTEMS  OF  DRIVING  TUNNELS. 

[Two  systems  of  driving  tunnels  are  recognised  on  the  Conti- 
nent— the  English  or  German  system,  and  the  Belgian  or 
French  system.  On  the  English  system,  so  called,  the 
main  heading  is  opened  and  driven  at  the  level  of  the  floor 
or  of  the  invert  of  the  tonnel,  and  the  excavation  of  the 
tunnel  is  developed  upwards  and  laterally.  On  the  Belgian 
system,  so  called,  the  main  heading  is  opened  and  driven 
through  the  upper  part  of  the  tunnel,  at  such  a  level  that  the 
roof  of  the  heading  is  level  with  and  forms  a  portion  of  the 
roof  of  the  excavation  for  the  tunnel,  whence  the  excavation 
is  extended  downwards.  On  this  system,  the  arch  is  con- 
structed before  the  walls. 

In  short,  the  bottom  heading  is  said  to  be  the  basis  of  the 
English  system,  the  top  heading  of  the  Belgian.  This  dis- 
tinction, if  there  ever  was  a  reasonable  foundation  for  it,  has 
long  ceased  to  exist.  The  bottom  heading,  no  doubt,  was, 
in  the  early  English  practice  of  tunnelling,  systematically 
employed,  not  only  because  it  served  as  a  drain  for  water, 
but  also  as  a  means  of  insuring  accuracy  in  the  levels  and 
ranging  or  setting  out  of  the  work.  The  tunnels  constructed 
on  the  Great  Western  Bail  way,  between  Bath  and  Bristol,  in 
1842-^8,  were  commenced  by  the  driving  of  a  bottom 
heading  from  end  to  end  before  the  enlargement  was  com- 
menced. These  tunnels  were  constructed  ihio\i^\\  \i<dx^  ^^^ 
sandstone,  and  the  work  of  enlaigemenl  ftoisi  \iKi<b  \>qNX^\s^ 
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heading  was  found  to  be  cosily  and  troublesome,  more  par- 
ticularly as  the  excavated  material  was  removed  through  the 
heading.  There  was  the  greatest  difficulty  in  keeping  the 
thoroughfare  clear.  The  material  in  course  of  excavation 
fell  on  the  road,  and  if  it  was  not  immediately  removed  it 
delayed  the  whole  of  the  work  of  the  tunnel  by  interrupting 
the  circulation  of  the  waggons.  Where  lining  was  to  be 
applied  to  the  tunnels,  top  headings  were  driven,  and  when 
the  excavation  for  a  length  was  completed,  the  lining  was 
commenced. 

In  more  recent  practice,  the  bottom  heading  has  not  neces- 
sarily been  constructed,  either  for  purposes  of  drainage  or 
for  setting  out.     The   tunnel-aqueducts  for  the   Glasgow 
Waterworks  were  constructed  without  headings.    They  were 
cut  at  once  to  the  full  section,  8  feet  by  8  feet.     In  boring 
one   of  these  tunnels,  which  was  2,825  yards   in   length, 
twelve   shafts  were   sunk    from    the    surface,   varying    in 
depth — some  of  them  160  yards  in  depth.     The  twenty- 
four  faces  wore  cut  simultaneously,  and  all  the  junctions 
were  exact.     Again,  in  the  construction  of  the  Netherton 
Tunnel,   in   1856 — 58,  the   system   of  bottom  heading,  it 
is  true,  was  employed,  headings  having  been  driven  both 
ways  from  the  bases   of  seventeen  shafts,  on  the  model 
of  Simms's  practice '/''  but,  as  a  matter  of  fact,  the  enlarging 
and  lining  of  the  tunnel  were  in  course  of  execution  at  each 
shaft  before  the  headings  were  joined  up  ;  and  so  success- 
fully had  the  setting  out  been  effected,  independently  of  the 
bottom  headings,  that  no  part  of  the  tunnel  diverged  so 
much  as  one  inch  out  of  the  direct  line.     It  may  be  added 
that,  since  the  tunnel,  destined  to  form  a  portion  of  a  canal, 
was  of  necessity  on  a  level,  a  thorough  bottom  heading,  if  it 
had  been  made,  would  have  been  useless  for  purposes  of 
drainage.    Besides,  the  means  of  exhausting  inflowing  water 
bf  WBjr  of  the  shafts  is,  in  all  but  exceptional  cases,  amply 
♦  See  Simms's  "  Practical  Txran^ma^r  VfaM^oai^^TLA^II* 
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sufficient  for  clearing  the  works  of  water.  Exceptional  cases 
arose  in  the  construction  of  the  Saltwood  and  the  Backhom 
Weston  Tunnels. 

The  Buckhom  Weston  Tunnel,  789  yards  long,  was  con- 
structed in  1859 — 60,  through  Kimmeridge  clay,  on  an 
incline.  It  was  originally  intended  to  sink  only  two  shafts, 
and  to  utilise  the  incline  to  drain  the  tunnel,  hy  means  of  a 
bottom  heading  driven  &om  the  lower  end,  through  which 
the  excavated  stuff  was  to  be  conveyed.  The  heading  was 
driven  for  a  length  of  200  yards,  but  it  became  so  much 
contracted  by  the  swelling  of  the  sides  that  it  was  abandoned 
as  a  thoroughfare  for  water  and  waggons.  The  number  of 
shafts  was  increased  to  five ;  top  headings  were  driven  from 
each  shaft,  and  the  tunnel  was  enlarged,  timbered,  and  lined 
as  in  the  Bletchingley  Tunnel,  described  by  Mr.  Simms.  In 
the  course  of  excavation,  however,  veins  of  loose,  rubbly 
rock  were  cut,  &om  which  large  quantities  of  water  were 
discharged,  chiefly  through  the  crown  of  the  excavation. 
To  check  this  inconvenient  flow,  a  counter  heading  was  driven 
from  the  end  of  the  ridge,  over  the  tunnel,  for  a  distance  of 
ten  yards  beyond  the  intersection  of  the  vein,  in  which  the 
top  water  was  intercepted  and  drained  off  to  the  face.  Here, 
instead  of  a  bottom  heading,  a  top  heading  was  employed 
for  drainage. 

Whilst  the  common  practice  of  sinking  shafts  and  multi- 
plying the  number  of  faces  possesses  many  advantages 
wherever  expedition  is  an  important  element  in  the  construc- 
tion of  a  tunnel,  the  system  is  occasionally  followed  accord- 
ing to  which  a  bottom  heading  is  driven  from  the  end  at  or 
near  the  formation-level,  and  a  '*  break-up "  is  formed  at 
intervals  upon  the  heading.  The  break-up  is  a  substitute  for 
the  excavation  otherwise  formed  below  the  ordinary  shaft, 
and  the  heading  is  equivalent  in  its  functions  to  the  shaft, 
constituting  the  means  of  communication  between,  the  ^ort^- 
iDg  laces  and  the  surface.    But  \t  ib  e^VIL^  \m.dLSt«\A^  '^^c^a^^ 
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the  employment  of  a  single  opening  for  the  service  of  a  num- 
ber of  faces  cannot  afford  the  facilities  of  free  commonication 
offered  by  several  shafts  sank  direct  npon  the  tunnel  at  200 
yards  apart,  each  of  which  is  devoted  to  one  pair  of  faces. 
The  objections  practically  are  similar  in  kind  to  those  which 
were  experienced  in  the  constraction  of  the  tunnels  on  the 
Great  Western  Railway. 

Moreover,  bottom  headings  cannot  be  commenced  until 
the  cuttings  or  their  gullets  are  run  up  to  the  faces  of  the 
tunnels ;  and  when  these  are  out  they  are  not  in  all  situa- 
tions available,  as  the  inclination  of  gradients  may  not  admit 
of  drainage. 

But  the  greatest  disadvantage  of  the  system  of  bottom 
headings  and  break-ups,  in  certain  grounds,  consists  in  the 
lengthened  exposure  of  the  surface  of  the  excavation  to  the 
action  of  the  air,  which  in  clays,  marls,  and  shales,  loosens 
the  ground,  and  in  rock  opens  the  fissures. 

Finally,  it  may  be  urged  as  an  objection  to  the  system  of 
working  by  break-up,  that  the  means  of  ventilation  is  imper- 
fect. 

There  are  situations,  nevertheless,  where  a  break-up  may 
be  introduced  with  advantage.  When  a  bottom  heading  is 
driven  from  the  end  of  the  tunnel,  and  a  break-up  is  formed 
at  some  distance  from  the  end,  three  working  faces  are  ob- 
tained for  each  end,  whilst  the  intermediate  portions  are 
worked  from  shafts  in  the  usual  way  with  top  headings. 
The  Lydgate  Tunnel  affords  an  instance  of  this  method  of 
procedure. 

Comparatively  short  tunnels  also,  under  500  or  600 
yards  in  length,  may  be  economically  constructed  on  the 
system  of  break-ups — ^with  a  through  bottom  heading,  and, 
say,  three  break-ups  in  the  whole  length.  Waggons  run  in 
on  a  line  of  rails  under  the  working  faces  receive  the  broken 
eiuJF,  wbioh  jGdls  direct  into  ibem.  B\it  in  situations  where 
foul  gases  are  likely  to  be  eim.Ued)  ^^  %^%\Am  ^l  >ut^\;^A£^<^ 
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is  affected  by  the  difficulty  of  the  absence  of  sufficient  ven- 
tilation, which  may  even  prevent  its  being  adopted  at  all. 

In  the  history  of  the  short  tunnel,  500  feet  long,  on  the 
Recife  and  Sao  Francisco  Railway,  Pemambuco,  constmoted 
in  1856 — 62,  an  instance  is  afforded  of  the  benefit  that  may 
be  derived  from  a  through  bottom  heading  for  the  transport 
of  stores.  When  the  small  trial  heading  had  shown  that  the 
ground  was  favourable,  as  the  materials  for  the  construction  of 
the  permanent  tunnel  were  not  at  hand,  and  there  was  plenty 
of  timber  on  the  ground  adjoining,  it  was  decided  to  enlarge 
the  heading  sufficiently  to  take  an  engine  through,  minus  the 
chimney.  This  was  effected  without  difficulty,  the  enlarged 
heading  being  9}  feet  wide  at  the  bottom,  8  feet  wide  at  the 
top,  and  10  feet  high.  A  constant  stream  of  materials 
passed  through  during  meal-times  without  interfering  with 
the  work.  With  the  like  objects,  as  soon  as  the  end  lengths 
had  been  completed  in  the  usual  manner,  a  surplus  stock  of 
materials,  sufficient  to  last  for  a  few  days,  was  sent  through. 
The  road  was  then  broken  up,  the  invert  was  built  through- 
out, and  the  road  was  relaid  ;  after  which  the  construction 
of  the  tunnel  and  the  supply  of  materials  went  on  without 
interfering  with  one  another.  The  invert  and  arch  of  the 
tunnel  were  of  brickwork,  and  the  side  walls  were  of  rubble 
masonry. 

When  tunnels  already  constructed  are  to  be  enlarged — as, 
for  instance,  a  railway  tunnel  constructed  for  a  single  line  of 
rails,  to  be  enlarged  for  two  lines — the  existing  tunnel,  it  is 
obvious,  serves  as  a  ready-made  bottom  heading,  and  is  so 
employed  for  the  construction  of  the  larger  tunnel.  The 
Lindal  Tunnel  was  enlarged  by  raising  shafts  through  the 
crown  of  the  tunnel,  making  a  break-up  at  each  shaft,  and 
driving  top  headings  both  ways  from  the  break-up. 

In  tunnelling  through  rock,  top  headings  are  now  usually 
driven,  to  be  worked  from.   For  example,  tii^  G\\iWci'!LTai\i^^ 
nnder  the  Dnrdb&m  Downs,  was  cut  tidtou^  isi<(^\ni\i*Kax'^*^as^^^ 
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stone,  commencing  with  top  headings  from  the  shafts  and  a 
side  gallery.  The  lower  end  was  excavated  hy  driving  a 
bottom  heading,  from  which  a  break-up  with  two  faces  was 
formed. 

Other  tnnnels  situated  near  the  sides  of  monntains  may  be 
worked  entirely  from  side  drifts.  The  Shakespeare  Tonnel, 
more  correctly,  double  tnnnel, 
;.  177,  driven  thronghths  Sbake- 
[  speare  Cliff,  near  Dover,  consists  of 
}  narrow  tnnnels,  carrying  each 
one  line  of  rails,  12  feet  wide  and 
80  feet  in  extreme  height,  through 
the  chalk,  separated  by  a  sohd  pier 
'  or  wall  of  chnlk,  10  feet  thick.  The 
chalk  was  of  variable  qnality,  and  the  greater  part  of  the 
tunnelwas  lined  brick,  strengthened  by  connterforts  at  12  feet 
intervals.  The  tnonel  is  1,4S0  yards  in  length,  rising  west- 
ward with  an  inclination  of  1  in  264.  The  site  of  the  tnQQel 
being  within  a  short  distance  from  the  face  of  the  cliff,  the 
material  excavated  was  discharged  tbroagh  galleries  about 
400  feet  long,  driven  in  from  the  face  of  the  cliff  into  the  sea, 
the  first  operation  having  been  to  run  a  bench  or  roadway 
along  the  face  of  the  cliff.  There  are  seven  shafts,  averaging 
180  feet  deep. 

From  the  foregoing  instances,  which  are  types  of  many 
other  tunnels,  it  may  be  inferred  that  there  is  no  specifically 
English  system.  Top  or  bottom  headings  are  need  jast  as 
oironmstaDces  may  direct.  Mr.  Simms,  in  "  Practical  Ton- 
nelling,"  evidently  wrote  under  the  impression  of  the  necas- 
sity  of  tbroagh  bottom  headings;  bnt  it  has  been  amply 
proved  by  more  recent  experience  that  they  are  not  neces- 
sary either  for  the  purpose  of  effecting  an  exact  setting  out 
or  for  the  purpose  of  drainage.  With  respect  to  the  means 
of  Batting  oat  a  tunnel,  it  muj  &ti.&^  Vo  mention  that  the 
Moat  CtaoB  Tntmel)  npwuds  ol  6  iii!^Q&m\e&t^,'4i%&  <t)& 
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oat,  with  the  aii,  of  coarse,  of  a  throogh  heading, 
from  the  ends.  The  jnuction  of  the  head- 
iDgB  was  effected  without  any  error  hort 
zontally,  aod  with  only  a  foot  of  divergence 
vertically.  Andaa  to  the  meane  of  drainage, 
tnnnels  may  in  most  casea  be  drained  by  / 

means  of  at^am  power  through  ahafta , 
whilst  tnnnels  like  that  of  MoDt  CeniB, 
where  either  ahafta  or  aide  dnfta  cannot  be 
apphed,  are  conatmcted  on  inclines  which 
nse  from  each  end  and  meet  at  a  snmmit 
in  the  interior,  and  eo  afford  a  faU  for 
nstnral  dramage 

In  the  excavation  of  tunnels  of  great 
length,  and  through   mountains   of  great 
elevation,    aa,   for    matance,    the    tunnels 
under  Mont   Cenia    and   tkroagh  the   St    ' 
Gothard,  where,  in  the  absence  of  shafts,  ' 
the  only  means  of  approach  are  from  the 
ends,  it  is  mauifeet  that  the  proper  method  i 
of  penetrating  the  mountains  le  the  method   ! 
of  the  top  headmg,  with  anbaequent  enlarge     [ 
ment     The  escavatiou  of  the  Hont  Cenia  ' 
Tnunel,    it   is   true,    was   commenced    by    | 
means  of  a  bottom  headmg,  from  which  the   , 
enlargement    was    effected    upwards    and  ' 
laterally  ,    but  the    system  of  the  bottom 
headmg  has  been  completely  negatived  m 
the  construction  of  the  St  Gothard  Tunnel, 
in  which  the  top  headings,  or  advanced 
gallenes,  were  driven  from  the  commence 
ment,   and  continued    to    be  exclnsnely 
followed  m  the  excavation  of  the  tunnel 
both  m  the  sohd  rock  and  at  the  north 
end,  and  111  the  loose,  uncertain,  an&'we.tAT^ 
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strata  of  the  south  end.  Drainage  is  more  completetf  effected 
in  rock  by  the  method  of  the  top  heading,  whilst  kIso 
ventilation — a  matter  of  importance  in  long  tnnnele — is  more 
conveniently  and  effectively  performed.  For  the  excavation 
of  these  tnnnels  in  rook,  rock-drilla  driven  by  compressed  air 
were  employed. 

The  arches  of  tannele  are  nsnally  eonstmcted  of  five  or  six 
rings  of  brickwork,  making  a  total  thickness  of  from  22 
inches  to  27  inches.    The  walls  are  of  similar  thickness. 


Inverts  are  constructed  where  the  soil  is  not  sufficiently 
strong  to  support  the  walls — that  is  to  say,  inverted  arches 
bnilt  nnder  the  level  of  the  rails. 

The  tonnelundorthoMonnd  at  Edinburgh,  on  the  line  of  the 

Edinburgh  and  Glasgow  Railway,  Figs.  178  to  180,  snppliea 

an  excellent  illnstradon  of  tonnela 

formed  with  an  invert,  in  loose, 

unstable  soil.    The  tunnel  ia  tmly 

iolar,  28  feet  in  diameter  and 

20  feet  high  above  the  level  of  the 

rails,  bnilt  of  brick  86  inches  in 

thickness,  stiffened  with  connter- 

forts  externally,  and  with  ribs  of 

masonry  internally,  founded  on  a 

solid  bed  of  coursed  rabble  work,  with  an  inverted  arch  to 

distribute  the  weight.     The  monn&  aW'ni'a  42  feet  above  the 

tavwn  of  the  axoh. 


Fig,  180.— BeotkiuofTDniiel. 
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PART  11. 
MARINE  ENGINEERINa. 


CHAPTER  I. 

WINDS  AND  WAVES. 

[WoBKS  of  marine  engineering  are  broadly  distingnished  from 
other  works  of  constxnction  by  the  fact  of  their  exposure 
to  the  action  of  the  sea,  whether  at  rest  or  in  motion.  The 
stability  of  snch  engineering  works  is  largely  dependent  on  the 
dead  weight  of  the  materials  of  which  they  are  constrncted, 
principally  in  order  to  connterbalance  the  pressure  of  the 
sea  against  them,  augmented  by  the  pressure  and  force  of 
waves  caused  by  winds  and  tides. 

Winds — air  in  motion — acquire,  as  a  maximum,  a  velocity 
of  from  60  to  78  miles  per  hour,  according  to  the  quarterly 
weather  reports  of  the  Meteorological  Department.  The 
pressure  of  air  in  motion  is  very  variously  estimated.  It  is 
probable  that  the  pressure  of  winds  never  exceeds  80  lb. 
per  square  foot ;  it  appears  to  be  well  established  that  the 
maximum  pressure  in  Great  Britain  does  not  surpass  24  lb. 
per  square  foot.  In  open  spaces,  winds  blow  downwards 
at  a  small  inclination,  and  have  the  effect  of  raising  the 
surface  of  water  into  waves.  Dr.  Scoresby,  in  1860,  stated, 
as  the  reBulta  of  his  observations,  that  in  rather  a  hard  gale 
ahead,  with  a  heavy  sea,  t\io  gcevA^i  ^to^t^i\\oTi  qI  ^^^vi^& 
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did  not  attain  the  height  of  22  feet,  although  about  one  in 
four  or  five  rose  to  about  26  feet  or  28  feet  in  height.  The 
average  elevation  was  from  18  to  20  feet.  In  a  hard  gale 
with  heavy  squalls,  most  of  the  waves  rose  to  more  than 
24  feet,  and  one  in  five  or  six  rose  to  a  height  of  48  feet 
the  pitch  Or  distance  apart  of  the  waves  was  about  560  feet, 
whilst  the  velocity  amounted  to  nearly  88  miles  per  hour. 

The  force  of  impact  of  a  ground  wave  20  feet  high  has 
been  estimated  by  Mr.  J.  Scott  Russell  as  equal  to  1  ton 
per  square  foot  of  superficies.  Even  higher  pressures 
than  this  have  been  registered.  Mr.  Alan  Stevenson  ob- 
served by  dynamometer  a  pressure  of  6,000  lbs.,  or  nearly 
8  tons,  per  superficial  foot,  at  the  Skenyvore  lighthouse, 
when  the  waves  broke,  between  high  water  and  low  water. 
A  remarkable  piece  of  evidence  of  the  force  of  great  waves 
occurred  at  the  breakwater  at  Wick.  A  large  monolith  of 
cement  rubble,  45  feet  long  by  26  feet,  by  11  feet  thick, 
weighing  upwards  of  800  tons,  was  gradually  slewed  round, 
by  successive  strokes,  until  it  was  finally  removed  and  de- 
posited inside  the  pier.  It  carried  with  it  some  courses  of 
stone  which  had  been  fastened  to  it  by  iron  bolts,  the 
enormous  mass  weighing  not  less  than  1,850  tons,  and 
presenting  an  area  of  about  496  square  feet  to  the  force  of 
the  sea.  The  power  of  waves  is  also  manifested  by  the 
lifting  up  of  large  blocks  of  coursed  masonry  from  the  paved 
slope  of  Plymouth  Breakwater,  and  the  throwing  of  them 
over  on  to  the  back  slope ;  and  by  the  piling  up  of  the 
huge  moles  of  shingle  that  fringe  the  southern  and  eastern 
shores  of  England,  in  the  most  remarkable  of  which,  the 
Chesil  beach,  stones  of  great  size  are  heaped  up  85  feet 
above  high  water,  or  three  times  the  usual  height  of  such 
formations. 

The  tides,  or  oscillations  of  the  surface  of  the  sea,  take 
place  twice  in  twenty-four  hours.  Over  the  large  areas  of  the 
AUantic,  Paei&e,  and  Indian  OceanB,  l\iQ  tV^  ^lA  l*si^  ^"^^ 


324 


THE  RUDIMENTS  OF  CIYIL  ENGINEERING. 


to  the  tides  is  limited  to  from  2  to  4  feet ;  bat  it  is  aug- 
mented as  the  tidal  wave  approaches  land  and  breaks  on 
the  shore.  Compressed  between  projecting  headlands,  the 
tidal  wave  mounts  in  height ;  or  when  it  is  trapped  between 
a  great  projection  and  its  corresponding  height ;  or  led  up 
some  fonnel-shaped  deeply-indented  inlet  open  to  the  wave ; 
or  in  passing  through  straits  between  the  main  land  and 
an  outlying  island,  as  in  the  Straits  of  Magellan,  on  the 
Patagonian  coast,  where  the  tide  rises  from  the  normal 
height  of  4  feet  to  the  extraordinary  elevation  of  86  feet. 
All  our  great  estuaries,  harbours,  and  tidal  rivers  which 
penetrate  into  the  heart  of  the  country  are  constantly  fed 
by  the  tidal  wave,  the  influence  of  which  may  be  largely 
developed  and  increased  by  judiciously  planned  works  of 
engineering.  It  may  easily  be  comprehended  that  the 
height  of  the  tide  varies  for  every  locality.] 


CHAPTER  n. 

CURRENTS. 

The  stability  of  works  erected  upon  the  sea-shore  is  often 
affected,  directly  or  indirectly,  by  the  action  of  currents  ;  and 
the  remarkable  influence  they  possess  upon  the  direction  of 
allavions,  sand,  or  shingle,  renders  their  study  the  more  in- 
dispensable. Some  of  the  most  striking  illustrations  of  the 
importance  and  nature  of  currents  are  subjoined. 

In  the  Mediterranean  there  is  a  general  current  flowing 
along  the  shore,  near  the  western  end,  whose  direction  is 
from  the  west  to  the  east  on  the  coast  of  Africa,  and  from 
the  east  to  the  west  on  the  coast  of  Europe.  On  the  French 
coast  the  velocity  of  this  current  does  not  exceed  8  inches 
per  second,  whilst  at  Algiers  it  has  been  noticed  to  flow  at 
the  rtite  of  from  10  to  12  inches,  or  even  as  much  as  40 
inches,  per  second,  at  the  extremities  of  some  capes. 

The  oceanic  currents  are  of  much  greater  importance  than 
that  of  the  Mediterranean,  on  account  of  the  immense  volume 
of  water  they  roll  along,  and  of  their  velocity ;  as  likewise  of 
their  greater  influence  upon  the  climate  of  many  portions  of 
the  globe,  and  the  serious  interference  they  exercise  upon 
the  operations  of  sailors.  The  Atlantic  currents  are  those 
with  respect  to  which  we  possess  the  most  accurate  informa- 
tion ;  and,  indeed,  it  is  probable  that  Major  Bennell's  sur- 
mise may  be  correct,  that  the  outline  of  the  shores  of  the 
Pacific  is  not  so  calculated  to  give  rise  to  them  as  those  of 
the  AtloDtio,     The  most  important  ot  \3:i^  ^\)xt^t^  \si  ^^ 
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latter  is  the  great  Golf  stream,  which  sets  ronnd  the  Cape 
of  Good  Hope  from  the  Pacific,  along  the  western  shore  of 
Africa,  until  it  meets  the  Bight  of  Benin,  by  which  it  is 
deflected  to  the  opposite  coast  of  America.  Striking  the 
extreme  eastern  point  of  that  continent  at  Gape  St.  Boqne, 
it  continues  along  the  American  shore  to  the  head  of  the 
Gulf  of  Mexico,  from  which  it  flows  throngh  the  Straits  of 
Florida,  following  the  eastern  shore  of  the  northern  continent 
for  a  short  distance,  and  a  little  below  Newfoundland  it  tarns 
off  abruptly  to  the  eastward.  The  main  body  of  the  Golf 
stream  is  then  deflected  towards  the  south,  and  is  lost  near 
the  Azores ;  but  an  important  branch  sets  towards  the  direct 
east,  and  runs  round  Ireland  and  England,  finally  losing 
itself  in  the  Arctic  Ocean,  near  Spitzbergen.  The  effect  of 
this  stream  is  decidedly  to  contribute  to  the  mildness  and 
moisture  of  the  climate  naturally  arising  from  our  insular 
position. 

On  the  western  coast  of  France  a  current  takes  its  rise, 
which  flows  in  a  southerly  direction  along  the  coast  of 
Africa,  having,  in  its  course,  given  off  the  stream  before 
noticed  as  flowing  into  the  Mediterranean :  it  is  finally  lost 
in  the  Bight  of  Biaffra.  Major  Bennell  was  of  opinion 
that  a  similar  current  took  its  origin  in  the  Bay  of 
Biscay,  and  flowed  in  a  north-easterly  direction  round  the 
British  Islands.  It  is,  however,  doubtful  whether^this  be  not 
merely  the  branch  of  the  great  Gulf  stream  already  noticed. 

The  progression  of  the  tide-wave  creates  a  current,  whose 
direction,  when  observed  near  the  shore,  is  very  variable ; 
although,  as  a  general  rule,  it  will  be  found  to  alternate,  like 
the  cause  which  gives  rise  to  it.  Bvit  it  would  appear  that 
the  change  in  the  horizontal  direction  of  the  current  by  no 
means  coincides  invariably  with  the  vertical  change  of  the 
tide  in  time.  There  is  an  interval,  more  or  less  long,  be- 
tween  the  reversal  of  the  direction  of  the  current  and  the 
epoobs  of  the  full  or  the  low  \i^©  •,  w^^  V^aa  ^.^vcL^A^Tyi^^^ 
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when  it  does  occnry  appears  to  be  owing  to  some  local  and 
exceptional  circumstance.  Again,  in  some  positions  the 
direction  of  the  tidal  current  varies  through  nearly  all  the 
points  of  the  compass  within  the  day  (as,  for  instance,  in 
the  channel  between  Jersey,  Guernsey,  and  the  French 
coast) ;  in  other  cases  the  variation  only  extends  through  a 
portion  of  the  circle ;  whilst  the  normal  change  is  only  in 
the  precise  direction  of  the  ebb  and  the  flow. 

As  the  principal  lines  of  the  tidal  currents  thus  coincide 
with  that  of  the  progress  of  the  great  tidal  wave,  it  must  be 
evident  that  they  would  vary  on  each  shore  of  the  British 
Islands.  On  the  southern  shore  they  are  principally  from 
the  south-west  to  the  north-east,  and  vice  versd;  on  the 
western  coast  they  are  from  S.S.W.  to  N.N.E.,  and  vice 
versd ;  on  the  eastern  coast  they  are  from  N.N.W.  to  S.S.E., 
and  vice  versa;  which  directions  continue  until  the  tidal 
wave  which  has  passed  round  the  northern  part  of  Scotland, 
and  continued  down  the  eastern  coast,  meets  the  tide  wave 
which  has  passed  along  the  southern  shore.  But  the  in- 
fluence of  the  configuration  of  the  land  upon  the  directidas 
of  currents  is  very  perceptible  in  the  shallow  seas  surround- 
ing the  British  Islands ;  and  it  is  therefore  in  similar  posi- 
tions more  important  to  observe  the  nature  and  effects  of 
local  currents  than  to  adopt  implicitly  any  merely  abstract 
theoretical  deductions.  The  peculiar  laws  of  the  tides 
already  alluded  to  as  prevailing  upon  the  coast  between 
Portland  Bill  and  Selsea  Point,  and  in  the  Bay  of  the  Seine, 
may  be  cited  as  instances  of  the  modifications  the  outline  of 
a  coast  is  able  to  produce  in  the  direction  of  the  tidal  cur- 
rents. Upon  the  southern  coast  of  Great  Britain  another 
cause  of  irregularity  exists  in  this,  that  the  continuance  of 
the  south-west  wind  for  a  lengthened  period  will  cause  the 
tide  to  flow  for  an  hour  longer  than  usual,  and  in  this 
manner  give  a  preponderance  to  the  direction  of  the  current 
in  the  direction  of  the  flood  over  that  oi  Vk^  ^\^« 
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The  vck'city  of  oceanic  currents  is  not  atYected  by  the 
movement  of  the  waves,  for  the  advance  of  floating  bodies 
within  their  influence  takes  place  as  rapidly  when  the  sea  is 
agitated  as  when  it  is  calm  ;  bat  the  wind  has  very  consider- 
able power  upon  them,  especially  in  their  upper  portions. 
It  is  also  observed  that  occasionally  there  is  a  difference  of 
direction  between  the  upper  and  lower  strata  of  currents, 
which  may  in  all  cases  be  accounted  for  by  the  interference 
of  some  local  disturbance.  The  rate  of  flow  varies  within 
very  considerable  limits,  as  may  be  perceived  from  the 
following  list  of  some  of  the  most  remarkable  ouirents 
hitherto  observed. 
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1^          1 

At  the  He   d'You,  off  the  coast  of  La 

Vendue      

At  the  harbour  of  Lorient     . 

„  „         Cherbourg 

Off  the  coast  of  Aldemey,  somctimeB    . 

„        south  coast  of  England 

f,        entrance  to  the  port  of  Havre  . 

„  „  „  Dover    . 

„  „  „  Calais     . 

„  „  ,)  Dunkirk  . 

y,       coast  of  the  Orcados  Islands 


The  eflect  of  the  interference  of  any  irregularity  of  the  oat- 
line  of  a  coast  upon  the  direction  of  the  currents  is  to  pro- 
duce a  series  of  counter-currents,  eddies,  and  whirlpools.  It 
is  admitted,  therefore,  that  any  abrupt  projection  or  retreat 
from  the  general  line,  either  of  a  current  or  of  the  bed  of  a 
river,  will  give  rise  to  such  counter-currents,  whose  destrac* 
tive  action  upon  the  obstacles  causing  them  will  have  the 
greater  intensity,  in  proportion  to  the  greater  velocity  of  the 
stream.  Capes,  bays,  and  islands  are  the  natural  means  by 
which  these  eflects  are  produced  on  a  large  scale.  The 
jetties  at  the  mouths  of  harbours  have  a  precisely  similar 
action;   and    the  changes  ttiey  tecV^to^^'^  ^T^dxi!^^  npon 
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the  normal  direction  of  the  main  currents  require   to  be 
carefdlly  studied,  both  by  engineers  and  pilots. 

At  the  embouchures  of  rivers  the  effect  of  the  disturbing 
causes  is  further  complicated  by  the  dynamical  tendency  of 
the  water  of  the  current  to  flow  into  the  depressions  always 
existing  in  such  positions  at  low  tides,  and  by  the  descent  of 
the  upland  soft  waters.  The  form  of  the  embouchure  has 
considerable  influence  upon  the  phenomena  to  be  met  with 
in  any  particular  instance ;  for  it  may  happen,  and  some- 
time does,  that  even  when  the  tide  falls  the  sea  water  will 
continue  to  be  poured  into  the  river ;  or  vice  versd,  that  the 
river  will  discharge  into  the  sea  after  the  tide  has  commenced 
rising  ;  inasmuch  as  the  conditions  of  the  interchange  of  the 
waters  depend  upon  the  conflguration  and  size  of  the  passage. 
Thus,  at  the  mouth  of  the  Adour,  a  river  which,  instead  of 
being  open  towards  the  sea,  has  a  funnel  shape  with  the 
neck  outwards,  the  tidal  wave  maintains  a  greater  height  in 
the  sea  than  in  the  river  during  the  whole  of  the  flood,  be- 
cause it  cannot  enter  through  the  narrow  mouth  with  suffi- 
cient rapidity  to  fill  the  bed  of  the  river.  The  difference  of 
height  has  been  noticed  to  be  as  much  as  4  feet  during 
the  syzygies ;  and,  in  consequence  of  it,  the  duration  of  the 
flood-tide  in  the  interior  of  the  Adour  is  prolonged  for  about 
an  hour  after  it  has  ceased  in  the  open  sea.  Analogous 
effects  have  been  observed  at  the  mouth  of  the  Tay,  in 
Scotland,  where  also  the  embouchure  is  suddenly  contracted. 

A  very  peculiar  and  interesting  phenomenon,  before  alluded 
to,  may  be  observed  during  the  rise  of  the  tide  in  rivers.  In 
such  cases,  as  the  molecules  of  the  water  pouring  into  the 
river  are  impressed  with  a  velocity  equal  to  that  of  the  great 
tidal  wave,  their  direction  whilst  flowing  into  the  river  will 
evidently  be  a  resultant  from  the  two  directions  of  their 
original  flow,  and  that  arising  from  the  tendency  of  the  water 
to  fill  up  the  depression  of  the  embouchure.  In  the  centre 
of  the  principal  current  there  will  tlxeu  \>^  iorai<^\  ^  \!>si& 
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corresponding  with  the  axis  of  equilihrinm  of  the  forces 
attracting  the  water  ap  the  river  and  towards  the  side.  This 
remarkable  line  is  sometimes  sufficiently  defined  to  be  visible 
to  the  naked  eye,  and  at  all  times  it  may  be  distinguished 
by  a  broad  sheet  of  stagnant  water  on  either  side  ;  bat  it 
necessarily  changes,  both  in  its  direction  and  its  form,  ac- 
cording to  the  state  of  the  tide,  or  the  nature  of  the  bed  of 
the  river.  A  precisely  similar  effect  we  have  seen  to  take 
place  during  the  rise  of  the  tide  in  certain  bays,  as  in  the 
cases  before  cited  of  the  Bay  of  Weymouth  and  of  the  Seine ; 
but  its  mode  of  action  may  be  more  distinctly  observed  in 
rivers. 

The  descending  fresh  water  interferes  with  the  transmis- 
sion of  the  tidal  wave  up  a  river  in  the  following  manner  :— 
As  soon  as  the  flood  begins  to  pour  in  it  creates  a  species  of 
dam,  opposing  the  descent  of  fresh  water.  Until  the  sea 
has  attained  a  greater  height  than  that  of  the  water  so  accu- 
mulated it  cannot  flow  into  the  river ;  but  as  the  rise  of  the 
tide  is  usually  much  more  rapid  than  that  of  the  land-waters, 
its  efiect  becomes  quickly  perceptible.  In  the  meantime  a 
series  of  zones  of  still  water,  of  eddies,  currents,  and  counter- 
currents  will  be  formed,  in  consequence  of  the  opposite  direc- 
tions of  the  flow  of  the  two  waters  and  of  the  difference  in 
their  specific  gravities  ;  and  these  irregularities  will  assume  a 
greater  importance,  and  a  more  permanent  character,  in  pro- 
portion as  the  volume  and  the  velocity  of  the  descending 
fresh  water  is  more  considerable ;  and  they  will  continue 
until  the  tidal  wave  shall  have  entirely  overcome  the  resist- 
ance of  the  downward  current  of  the  river. 

It  is  on  account  of  the  interference  of  the  descending  fresh 
water  with  the  transmission  of  the  tidal  wave,  that  the  hours 
of  the  flood  and  the  ebb  tides  are  retarded  in  proportion 
as  the  distance  from  the  sea  increases ;  at  the  same  time, 
however,  the  species  of  heaping  up  produced  in  them  aug- 
ments  the  difference  of  level.    In^e^^^  ItoisL  V^\^  cft.\^^&&  it 
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fireqaently  happens  that  in  the  interior  the  tide  rises  to  a 
point  considerably  above  the  level  of  the  high  tides  in  the 
ocean. 

But  the  most  singular  phenomenon  connected  with  the 
rise  of  the  tide  in  rivers  is  one  presented  by  the  <<bore.'' 
According  to  Colonel  Emy,  this  may  be  defined  as  being  a 
pecnHar  nndolation,  which  announces  the  arrival  of  the  flood- 
tide  in  many  rivers.  It  consists  of  two,  three,  or  sometimes 
four  waves,  very  short,  and  sncceediDg  one  another  rapidly, 
which  bar  the  whole  river,  and  ascend  it  to  a  great  distance ; 
they  often  break  npon  the  crown  and  npset  everything  they 
meet  in  their  course,  and  are  accompanied  by  a  fearful  noise. 
In  the  Severn,  the  bore  is  stated  to  be  of  almost  daily  occur- 
rence, and  sometimes  even  to  attain  a  height  of  9  feet ;  in  the 
Dordogne  it  rises  from  5  to  Q  feet,  and  travels  at  the  rate  of 
about  5  miles  in  84  minutes ;  in  the  Seine  it  does  not  exceed 
8  feet ;  in  the  Thames  it  only  exists  in  a  rudimentary  state ; 
whilst  in  the  Hoogly,  at  Calcutta,  it  rises  about  5  feet,  and 
is  transmitted  at  the  rate  of  about  1*7^  miles  per  hour ;  and 
in  the  Menga  the  rise  is  said  to  be  12  feet. 

The  cause  of  the  bore  is  universally  considered  to  be 
owing  to  the  interference  with  the  transmission  of  the  tidal 
wave,  arising  either  from  the  sudden  contraction  of  the 
embouchure  of  the  river,  or  from  the  existence  of  some 
abrupt  step  or  bar  in  the  bed.  The  wave  terminates 
abruptly  on  the  inland  side,  because  the  quantity  of  water 
contained  in  it  is  so  great,  and  its  motion  so  rapid,  that 
there  is  not  sufficient  time  for  the  surface  of  the  river  to  be 
raised  immediately  by  the  transmitted  pressure.  Dr.  Whewell 
compares  this  abrupt  tide-wave  to  those  which  curl  over  and 
break  upon  a  shelving  shore.  The  periods  at  which  its  effects 
are  the  greatest  are  at  the  syzigies ;  and  they  decrease  in  pro- 
portion as  the  bed  of  the  river  is  deeper. 
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Effect  of  Waves,  Tides,  and  Cubbents  upon  Sea  Coasts. 

The  sea-shore,  of  whatever  materials  it  he  composed,  if  it 
lie  in  the  direction  of  any  cnrrent,  whether  tidal  or  of  any 
other  description,  is  gradually  worn  away  hy  the  incessant 
action  of  the  water.  Under  normal  circumstances  there  is  a 
singular  uniformity  in  the  mode  of  this  degradation ;  and 
equally  in  the  cases  of  hard  rock,  of  agglutinated  shingle,  or 
of  clay,  it  will  he  found  that,  for  a  certain  height  ahove  the 
level  of  ordinary  calm  high  tides,  the  outline  of  the  shore 
assumes  a  curvilinear  form.  Where  the  sea  is  much  agitated, 
the  height  in  question  may  attain  from  13  to  14  feet ;  the 
curve  itself  is  always  cycloidal.  At  its  foot,  and  tangentially 
to  it,  succeeds  a  slope,  which  joins  the  natural  heds  at  the 
level  of  the  lowest  tides,  with  an  inclination  varjong  accord- 
ing to  the  nature  of  the  beach.  Sometimes  the  slope  within 
the  range  of  the  tides  is  as  7  to  1 ;  and  it  diminishes  as  fre- 
quently below  the  level  of  the  low- water  mark  to  as  much  as 
80  to  1.  At  other  times,  and  especially  if  the  bed  be  of 
mud,  the  slope  becomes  almost  abrupt  below  the  low- water 
lino,  because  the  water  supports  the  mud.  At  Cherbourg,  it 
was  noticed  that  the  small  materials  thrown  into  the  sea  for 
the  formation  of  the  breakwater  took  a  slope  of  about  45^ 
below  that  line ;  and  in  many  cases  upon  our  shores  the 
shingle  banks  may  be  observed  to  assume  a  similar  inclina- 
tion. In  the  Lake  of  Geneva,  the  shore  near  Vevay,  where 
it  is  composed  of  fine  sand,  takes  a  slope  of  10  to  1,  to  a 
depth  of  from  6  to  7  feet  below  the  variations  of  the  water- 
line  ;  whilst,  at  a  greater  depth,  the  slope  is  as  2  to  1,  or  the 
natural  inclination  of  sand  and  still  water. 

The  destructive  action  of  the  sea  upon  the  shores  bound- 
ing it  arises  principally  from  the  action  of  the  waves  moving 
in  the  direction  of  the  prevailing  wind.     This  action  is  com- 
pUoated  in  Ub  nature,  but  it  may  be  considered  to  be  com- 
poaed  of  the  oscillating  motion  oi  \]iie  mo\^c.\i\^%  qH  VJh^  ^%^x 
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occasioned  by  the  waves ;  of  the  effect  produced  by  the 
wind  upon  the  upper  part  of  the  waves  themselves  ;  of  the 
reaction  produced  by  any  projection  beyond  the  ordinary 
line  of  the  shore ;  of  the  permanent  and  periodical  currents 
to  which  the  mass  of  the  water  may  be  exposed;  and, 
finally,  of  the  d3niamical  effort  exercised  by  the  water  set  in 
motion.  Of  these  causes,  the  three  first  are  without  com- 
parison the  most  powerful,  and  hitherto  it  has  not  been 
ascertained  within  what  limits  they  are  able  to  act.  But  it 
is  important  to  observe,  that  the  existence  of  any  object  in 
abrupt  relief  gives  rise  to  such  eddies  that  the  bottom  of  the 
sea  round  it  will  be  rapidly  carried  away,  if  it  be  of  a  nature 
to  yield  easily,  and  be  situated  within  the  limits  of  the  dis- 
turbing causes.  It  follows  from  this,  that  great  precautions 
must  be  taken  in  the  construction  of  any  vertical  retaining 
wall  whose  foundations  may  be  near  the  low-tide  line ;  for 
the  repercussion  of  the  waves  is  certain  to  undermine  them, 
if  formed  in  clay  or  light  sand. 

Occasionally  it  may  happen  that  the  destructive  action  of 
the  sea,  which  principally  operates  in  the  direction  of  the 
advance  of  the  flood-tide,  is  reversed  by  the  existence  of 
some  local  current  which  increases  the  power  of  the  ebb. 
Thus  in  the  British  Channel  the  outline  of  the  majority  of 
the  bays  between  Land's  End  and  Portland  Bill  is  concave 
towards  the  incoming  tide ;  but  between  Portland  Bill  and 
Selsea  Point  the  outline  of  the  bays,  of  the  mainland  at 
least,  is  almost  invariably  convex  to  this  tide.  The  cause  of 
this  apparent  anomaly  is  to  be  found  in  the  existence  of  the 
second  tide  before  noticed,  which  increases  the  volume  of  the 
ebb  close  in  shore ;  and  also  to  the  fact  that  the  island  of 
Portland,  and  the  spur  terminated  by  St.  Alban's  Head,  form, 
as  it  were,  breakwaters  sheltering  the  intermediate  district 
from  the  effects  of  the  south-west  winds. 

The  geological  nature  of  the  rocks  exposed  to  the  fury  of 
ihe  waves  may  also  materially  affect  tikieVr  i«Aa  ol  ^«iNx\kO^\i> 
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iiiid  al.-^o  ro-;ict  iq^on  tlio  preservation  of  the  neiglibonriiig 
shores.  In  the  paii.icnlar  instance  last  cited  a  remarkable 
example  of  this  may  be  found ;  for  the  projecting  points  of 
the  Isle  of  Portland  and  St.  Alban's  Head  are  respectively 
of  the  harder  and  more  resisting  strata  of  the  oolite  ;  whilst 
the  intermediate  bays  of  Weymouth  and  of  Poole  are  ex- 
cavated in  the  less  resisting  strata  of  the  Oxford  or  the 
London  clays. 

The  materials  detached  from  the  rocks  or  shores  by  the 
sea  are  transported  by  the  currents  in  a  direction  which  may 
be  stated  generally  to  correspond  with  that  of  their  greatest 
and  most  permanent  influence,  whether  that  be  in  the  same 
line  as  the  advance  of  the  great  tide-wave  or  in  the  opposite 
one. 

The  shingle,  or  other  alluvions,  which  surround  the  bases  of 
clififs,  follow  precisely  the  contours  and  directions  of  the 
latter  in  plan.  But  when  the  shingle  collected  in  a  bay  has 
no  extrinsic  support,  it  will  assume  a  curvilinear  outline, 
whose  concavity  will  be  turned  towards  the  sea  in  the  direc- 
tion of  the  prevailing  wind.  This  effect  may  be  distinctly 
perceived  in  some  of  the  bays  upon  the  eastern  shores  of  Eng- 
land, and  upon  the  French  coast  between  the  Caps  d'Antifer 
and  Grisnez ;  for  in  both  cases  the  yielding  nature  of  the 
materials  allows  the  general  outline  of  the  coast  to  modify 
itself  to  the  most  powerful  action  of  the  waves,  which,  as 
is  well  known,  is  always  exercised  in  the  direction  of  the 
prevailing  winds. 

If,  during  their  advance  along  the  shore  under  the  double 
impulsion  of  the  waves  and  of  the  currents,  the  alluvions 
meet  a  deep  bay  sheltered  from  the  prevailing  winds,  the 
still  water  existing  in  it  will  allow  the  heavier  particles  to 
subside ;  and  if,  in  addition  to  the  general  comparative  tran- 
quillity of  the  bay,  there  should  exist  any  subsidiary  currents, 
producing  npon  their  edges  zoiie«  of  eULI  water,  the  remain- 
ing  matterB  in   suspenBion  wiQ.  \>e  ^^^o^\\i^^  «\.^^<^t  Nk^- 
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porarily  or  pennanently.  This  latter  contingency  oocnrs  in 
the  embouchures  of  most  rivers,  and  the  bars  are  formed,  in 
8ueh  cases,  by  the  deposition  of  the  alluvions  upon  the  line 
of  junction  of  the  littoral  current  with  that  of  the  down  stream ; 
andy  as  these  directions  are  usually  either  at  right  angles,  or 
highly  inclined,  to  one  another,  the  axis  of  the  bar  follows 
that  of  the  resultant  affected  by  the  volume,  the  velocity,  and 
the  direction  of  the  two  streams. 

Should  the  alluvions,  instead  of  meeting  with  a  deep  bay, 
such  as  has  been  described,  meet  with  a  projection  upon  the 
shore,  they  will  form  a  deposit  in  the  opposing  angle  which 
will  be  concave  to  the  general  direction  of  their  advance.     If 
the  action  giving  rise  to  the  alluvions  be  permanent,  it  will 
carry  them  round  the  projection,  and  there,  meeting  with  still 
water,  they  will  be  deposited.     The  accumulation  of  a  bank 
in  this  position  will  often  be  accele- 
rated by  the  currents  and  counter- 
currents  generated  by  the  projec- 
tion. 

Some  very  striking  illustrations  ^. 

of    the    importance    of    the  effects  Projeotion  in  a  Current. 

produced  by  the  alluvions  set  in  motion  by  the  sea, 
whether  they  consist  of  shingle,  sand,  or  silt,  may  be  found 
upon  almost  every  shore.  On  the  coast  of  Kent,  two  deep 
indentations  upon  the  outline  of  the  land,  at  Homney  Marsh 
and  Pegwell  Bay,  have  been  filled  in.  On  the  coast  of  Nor- 
folk, Lowestoff  Ness  is  also  gradually  gaining  upon  the  sea, 
from  the  deposition  caused  by  an  interference  with  the  pro- 
gress of  the  shingle.  In  the  Mediterranean,  the  ports  of 
Aigues,  Mortes,  and  of  Frcjus,  from  which  the  armies  of  St. 
Louis  embarked,  are  now  far  inland,  and  are  only  kept  open 
for  small  vessels  by  means  of  constant  dredging.  The  port 
of  Ostium,  at  the  mouth  of  the  Tiber,  formed  by  Claudius 
and  repaired  by  Trajanus,  is  now  about  three  miles  from  the 
BOB,     The  lAgnnes  of  Venice  tend  n«^lux«2il^  \a  ^\.  \i^^^sA 
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are  only  kept  open  by  means  of  the  artificial  channels  con* 
stnicted  for  the  purpose  of  carrying  the  waters  of  the  several 
rivers  Brenta»  Bachelone,  Piave,  and  the  Sile,  more  directly 
into  the  open  sea  of  the  Adriatic.  Hlostrations  of  the  erosions 
produced  by  the  action  of  the  waves  may  also  be  found  on 
every  shore. 

The  materials  detached  from  the  cliffs  undermined  in  this 
manner  are  rolled  forward  continually,  and  under  the  in- 
fluence of  this  friction  they  become  comminuted  at  length  to 
a  fine  sand.  In  some  cases  the  sand,  earth,  and  broken  shells 
deposited  by  the  high  spring  tides  are  carried  inland  by  the 
wind,  and  advance  in  waves  nearly  as  strongly  defined  as 
those  upon  water.  If  any  obstacle  be  offered  to  their  pro- 
tress  they  accumulate  to  a  vast  height,  and  occasionally  they 
spread  over  a  great  extent  of  land  on  either  side.  Thus,  in 
the  Landes  of  Bordeaux,  hillocks  of  sand  are  said  to  have 
been  formed  attaining  a  height  of  about  160  feet ;  and  the 
sands  advanced  towards  the  interior  at  the  rate  of  about 
88  feet  per  annum,  until  Br6montier  commenced  the 
series  of  works  for  the  purpose  of  fixing  them  which  has 
contributed  so  much  to  immortalise  his  name.  In  the  case  of 
the  Landes  of  Bordeaux,  the  progress  of  the  sand  was  ac- 
celerated by  the  dryness  of  the  atmosphere ;  but  upon  our 
own  coasts  in  Poole  Harbour,  and  on  the  French  coasts 
near  Dunkirk,  the  rain-fall,  and  perhaps  also  the  presence 
of  a  considerable  quantity  of  earth  in  conjunction  with 
the  silicious  sands,  develops  a  peculiar  vegetation  which  pre- 
vents the  further  progress  of  these  downs,  or  dunes,  as  they 
are  called  in  France  and  Belgium.  The  principal  measures 
adopted  by  Br^montier  consisted  in  planting  the  sand  reed 
(Arundo  arenaria)  for  a  distance  of  about  800  yards  from 
the  sea.  For  a  second  zone,  of  about  1,000  feet  in  width, 
ha  planted  creeping  plants,  brambles,  heaths,  &c. ;  and  more 
inland,  at  a  distance  beyon&  \i)ie  Ynftaence  of  the  salt  water, 
he  planted  a  zone  of  fir-trees.    11  wj^^wc^^o^v^^^^  ^^\»'^^ 
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fixing  the  landes  near  the  Plains  of  Soulac  and  Thalais,  on 
tlie  sea-shore  to  the  sonth  of  the  Gironde,  has  produced  a 
considerable  effect  in  the  action  of  the  sea  upon  the  outline 
of  the  coast.  The  very  incoherence  of  the  sands  appears 
to  have  prevented  their  removal,  seawards  at  least. 


CHAPTER  m. 


SEA  DEFENCES— GHOINS. 

The  foregoing  general  obBervations  npon  the  action  of  the  sea 
apon  the  coaBte,  or  works  exposed  to  its  effects,  are  neceseaty 
to  a  complete  knowledge  of  the  most  advisable  means  to  be 
adopted  for  their  protection.  With  respect  to  the  defence  of 
coasts,  it  follows,  from  what  has  been  said,  that  the  works 
to  be  executed  most  consist 
either  of  snoh  as  are  able  to 
break  the  force  of  the  waves 
before  thej  reach  the  shore ; 
)r  of  such  as  are  able  to  con- 
solidate the  shore  itself,  so 
aa  to  enable  it  to  resist  more 
e  fie  eta  a]  1^  the  denndation 
produced  by  the  waves  ;  or 
of  snch  means  as  shall  caose 
an  accnmnlation  of  sand  and 
shingle  npon  the  fore  shore. 
Under  some  circnm stances  it  may  be  advisable  to  combine 
the  three  descriptions  of  work. 

The  constmction  of  groins  firmly  connected  'with  the  shore, 
and  following  a  direction  normal  to  that  of  the  reigning 
winds  in  tcmpestnons  weather,  whether  they  be  sabmersible 
or  not,  would  diminish  the  action  of  the  waves;  particularly 
if  tbey  be  carried  out  so  {ax  &&  ^a  prevent  the  species  of 
eaeeade,  -wbich  always  talLea  ^i\wse  o^  \ii(ia  iomri  ivia,  ^sls(ft. 
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affecting  the  shore  itself.  In  some  cases  isolated  pillars  of 
masonry  or  timber-framing,  placed  like  the  squares  of  a 
chess-board,  by  causing  the  waves  to  break  seawards,  may 
become  very  efficient  means  of  defence.  On  the  coast  of 
Holland  very  successful  results  have  been  obtained  by  the 
erection  of  wooden  framing  placed  in  a  parallel  direction  to 
that  of  the  coast  at  the  line  of  low  water.  In  soils  susceptible 
of  being  easily  removed,  however,  it  is  indispensable  to  pro- 
tect the  foundations  of  these  groins  by  apron  pieces. 

[One  of  the  most  ancient  kinds  of  defence  for  sea-shores 
is  the  system  of  groins  or  jetties  run  out  from  the  shore, 
for  the  purpose  of  arresting  the  travelling  shingle,  the  collec- 
tion of  which  forms  a  natural  barrier  against  the  waves. 
The  common  form  of  groin  is  seen  on  the  shores  of  Kent  and 
Sussex,  consisting  of  a  row  of  piles  from  6  feet  to  10  feet 
apart,  held  back  by  land-ties  and  piles  on  the  weather  side, 
and  backed  by  longitudinal  planking,  against  which  the 
beach  is  collected.  The  groins  are  usually  laid  in  a  direc- 
tion at  right  angles  to  the  shore ;  though  they  are  in  some 
cases  placed  at  an  acute  angle  or  an  obtuse  angle  to  the 
waves. 

The  motion  of  shingle  on  any  beach  is  dependent  upon  the 
extent  to  which  it  is  exposed  to  the  waves,  the  angle  at  which 
the  waves  break  upon  it,  and  the  violence  of  the  waves. 
The  disposition  of  groins,  then,  should  be  so  adapted 
as  to  give  the  prevailing  waves  the  least  favourable  means 
of  forcing  the  shingle  forwards,  and  to  assist,  as  much  as 
possible,  the  less  violent  and  constant  winds,  in  driving 
it  back  again.  A  direction  slanting  from  the  prevailing 
winds  appears  to  be  the  most  favourable.  If  groins  be 
made  too  lofty,  over-falls  of  water  are  created,  and  the  shore 
is  gullied  out  on  the  leeward  side.  An  important  application 
of  groins,  illustrating  the  excellent  effect  of  their  employ- 
ment in  amstiDg  the  encroachment  of  tiie  i^ea,  ^lA  ^v^i^Sk.^ 
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ill  the  rL'claiuiitiuii  of  tho  fort- >lioro,  is  su]^})Iie(l  in  the  works 
for  tho  construction  of  the  Sunderland  Docks,  for  which 
Mr.  John  Murray  was  the  engineer.*  Mr.  Wm.  Brown, 
writing  in  1849,  stated  that  the  sea  had  heen  gradually, 
hut  somewhat  rapidly,  encroaching  on  the  Town  Moor, 
Sunderland,  and  upon  the  ground  occupied  as  a  fort, 
the  height  of  this  tahle-land  ahout  the  high-water  mark 
varying  from  82  feet  to  86  feet.  The  hanks  were  com- 
posed of  a  hard  marly  clay,  standing  nearly  vertical, 
presenting  the  appearance  of  a  cliff,  resting  on  limestone, 
with  a  slight  accumulation  of  sand  and  gravel  at  the  bottom. 
Between  the  years  1787  and  1845,  a  period  of  108  years, 
an  average  breadth  of  148  feet  had  been  carried  away.  At  a 
point  opposite  the  corner  of  the  barrack  wall  an  inroad  nearly 
800  feet  in  breadth  had  been  effected.  To  aid  in  forming 
a  more  extended  beach,  on  which  the  sea  might  expend 
itself,  and  be  prevented  from  reaching  the  foot  of  the  banks, 
two  timber  groins  were  constructed,  composed  of  whole 
timbers  having  their  lower  ends  let  into  the  rock,  and  their 
upper  ends  secured  to  raking  braces,  and  the  face  sheathed 
with  6-inch  planks.  They  fully  answered  the  purpose  of 
protecting  the  moor ;  and  an  area  of  about  two  acres  of  land 
was  permanently  formed  at  the  foot  of  the  cliff,  consisting  of 
sand  and  gravel. 

An  independent  system  of  groins  was  subsequently  laid 
down,  to  co-operate  in  making  land  for  the  constniction 
of  a  new  dock  and  other  works  to  the  south  of  the 
river,  and  within,  or  to  the  seaward  of,  the  line  of  high- 
water  mark.  The  groins  were  erected  for  the  purpose  of 
retaining  the  material  deposited  on  the  foreshore,  and  of 
arresting  the  sand  and  shingle,  which  naturally  travelled  to 
the  southward  in  order  to  form  a  barrier-beach,  which 
should  effectually  exclude  the  sea  from  beyond  a  given  line. 

♦  JPlfweedingt  of  the  Institution  of  CivU  £ng\ne«r«^  1849,  vol.  viii.  p. 
186;  vol  xr.  p.  418. 
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Seven  groins  were  constmcted,  extending  over  a  frontage  of 
about  2,500  feet  in  extent,and  at  intervals  of  from  850  feet  to 
460  feet  apart.   Of  the  first,  second,  and  third  groins,  the  inner 
ends  stand  10  feet  above  high- water  line  of  ordinary  spring- 
tides, and  abont  20  feet  above  the  surface  of  the  limestone 
rock ;  the  seaward  ends  are  only  2^  feet  above  the  surface  of 
the  rock.    They  are  respectively  826  feet,  826  feet,  and  858 
feet  in  length,  and  are  formed  to  an  inclination  of  1  in  18. 
The  north  side  is  inclined  with  a  batter  of  2^  inches  in  one 
foot,  and  the  south  side  with  a  batter  of  1  to  1.     The  top, 
or  crest,  is  formed  as  an  arch  to  a  radius  of  5^^  feet,  with 
a  bonding  course  15  inches  thick,  at  a  distance  of  9  feet 
below  the  crest.     In  the   interior,  there  is   a  backing  of 
coursed  rubble  at  the  north  side,  making  up  a  thickness 
of  6  feet  at  the  bottom  and  4  feet  at  the  top.     Above  the 
bonding  course,  the  space  is  filled  with  coursed  rubble,  well 
packed  and  built  with  mortar ;    below,  the  cavity  is  filled 
with  the  excavated  magnesian  limestone. 

The  set  of  the  flood- tide  in  the  ofling  is  S.  i  E.,  and  at 
spring-tides  it  rans  with  a  velocity  of  8^  miles  per  hour. 
Along  the  shore,  the  set  of  the  tide  was  S.S.E. ;  and,  owing 
to  a  counter-current,  the  first  flood,  as  well  as  the  time 
of  high  water,  was  about  two  hours  earlier,  and,  at  the 
distance  of  half  a  mile,  about  one  hour  earlier  than  in  the 
offing.  This  flood -tide  was  first  caught  by  the  north  pier, 
which  acted  as  a  groin,  where  a  considerable  portion  of  the 
land  brought  up  by  the  tide  was  deposited.  In  fact,  upwards 
of  85  acres  of  land  have  been  recovered  from  the  sea  by  the 
erection  of  this  pier.  The  sand  settled  at  a  slope  of  from 
1  in  40  at  the  upper  end  of  the  beach,  to  1  in  60  at  the 
low-water  mark.  The  quantity  of  sand  retained  was  not 
constant,  for  the  large  amount  accumulated  during  the  neap 
tides  and  in  calm  weather  was  much  lowered  by  a  heavy 
sea ;  as  much  as  5  feet  in  vertical  height  has  been  carried 
away  in  a  angle  tide.    A  portion  oi  \]bL^  dcis\<(^^^<b^  Tsi^b^j^Tv^ 
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was  cangh't  by  the  south  pier,  and  was  carried  up  the  river 
until  it  arrived  at  the  Potato  Garth  on  one  side  of  the  river, 
or  at  the  Wave  and  Sand  Trap,  or  Beaching  Basin,  on  the 
other  side.  In  these  two  places  a  portion  of  the  sand  was 
deposited,  and  the  remainder  continued  its  course  up  the 
river  until  it  was  checked  by  the  land-water,  by  which  it 
was  caused  to  subside  and  form  sand-banks,  which 
were  washed  to  the  sea  by  the  descendiiig  freshes.  But  the 
quantity  which  passed  up  the  river  is  comparatively  small ; 
for  the  south  pier  is  shorter  than,  and  is  ovetlapped  by, 
the  north  pier,  and  the  largest  portion  travelled  onwards 
until  it  was  arrested  by  the  groins,  which,  together  with 
the  excavated  material  deposited  between  them,  formed  a 
foreshore,  or  barrier  beach.  The  inclination  of  this  fore- 
shore was  about  1  in  25,  whilst  at  the  bottom  of  the  banks 
to  the  southward,  where  there  were  no  groins,  the  inclina- 
tion was  1  in  11,  and  sometimes  even  steeper.  The  flood- 
tide,  after  it  passed  the  south  pier  head,  proceeded  directly 
to  groin  No.  1,  by  which  it  was  turned,  so  as  to  form  an 
eddy  or  counter-current,  returning  along  the  beach  northward, 
and  the  glacis  of  the  pier  eastward,  and  rejoining  the  main 
set  of  the  tide,  in  completing  a  circuit  of  1,200  feet. 

In  consequence  of  the  eddy  just  described,  and  perhaps 
also  of  the  form  of  the  groin  No<  1,  the  surface  of  the  sand 
on  its  noi*th  side  was  2  feet  lower  than  on  its  south  side  ; 
whereas,  at  each  of  the  other  groins,  the  sand  at  its  north 
side  was  fully  12  inches  higher  than  at  the  south  side.  It 
was  judged  that  by  the  form  of  the  groin,  with  the  southern 
slope  of  1  to  1,  it  acted  as  a  conductor  to  the  waves  which 
struck  it,  and  to  carry  them  forward  so  as  to  scoop  out  the 
sand  that  had  been  accumulated  during  calm  weather. 

Another  experience  was  derived,  at  the  time  of  the  equi- 
noctial tides,  during  the  spring  of  1848,  when  the  groins 
were  completely  isolated.    An  unusually  heavy  sea  made  a 
breach  in  No.  1  and  Ho.  8  groVaa,  «Ai\3;i^  ^waa  Vhaaa  \^^<«,<^\i. 
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iog  Bome  of  the  stones  in  No.  2.  All  these  failures  occurred 
at  one  level — the  intersection  of  the  crests  of  the  groins 
with  the  line  of  high  water  of  ordinary  spring  tides,  indicat- 
ing that  the  waves  acquired  their  greatest  power  at  high 
water.  It  was  observed,  in  fact,  that  at  an  interval  of, 
1}  hours  before  high  water,  the  velocity  of  a  wave  at  the  South 
Pier  head  was   9  feet  per  second,  and  its  height   5  feet 

9  inches ;  whereas,  at  high  water,  the  velocity  attained  a 
maximum  of  18^  feet  per  second^  with  a  height  of  6  feet. 
At  an  interval  of  If  hours  after  the  turn  of  the  tide^  the 
velocity  of  the  waves  meeting  the  descending  water  was 
only  7}  feet  per  second,  though  they  were  7i  feet  high. 

In  view  of  the  circumstances  above  detailed,  the  remaining 
groins,  Nos.  4,  6,  6,  and  7,  were  constructed  to  semi- 
cycloidal  contours.  Nos.  4  and  5  groins  were  designed 
to  have  lengths  of  442  feet  and  510  foot  respectively, 
with  inclinations  of  1  in  26  and  1  in  80,  so  as  to  stand 

10  feet  above  high  water  at  the  landward  ends,  and  7  feet 
below  seaward.  They  were  actually  constructed  to  lengths 
of  only  812  feet  and  860  feet,  as  they  were  met  in  the 
eoorse  of  construction  by  the  deposited  material,  consisting 
of  the  hard  blue  clay  which  forms  the  banks.  The  sides 
were  brought  up  of  ashlar  work.  The  hearting  was  of  large- 
size  rubble  closely  packed,  the  vacancies  between  it  and  the 
ashlar  being  filled  with  small  stones  and  Boman  cement. 
At  the  depth  of  6  feet  below  the  crest,  ashlar  masonry  was 
laid  on  the  rubble  and  carried  up  near  to  the  crest,  leaving  a 
-email  vacancy  which  was  filled  with  small  rubble  and  Roman 
cement.  The  groins  were  additionally  strengthened  for  a 
distance  of  80  feet  landwards  of  the  high- water  intersection 
by  ashlar  introduced  at  the  depth  of  8  feet  below  the  crest. 

Groin  No.  6  was  laid  at  an  inclination  of  1  in  82 ;  and 
No.  7  at  1  in  80.  No.  6  is  stopped  short  at  a  level  2^  feet 
above  high- water  intersection;  No.  7  stops  short  at  that 
intersection. 


344  THE   RUDIMENTS   OF   CITIL   ENGINEERING. 

The  groins  of  semi-cycloidal  form  stood  well.  This 
peculiar  form  was  adopted  for  the  purpose  of  better  bindiog 
the  masonry,  by  the  spiral  line  formed  by  the  joints  of  the 
diminishing  arch. 

The  efficacy  of  groins  has,  under  other  circumstances, 
been  signally  manifested  on  the  east  coast,  north  of  the 
Humber.  The  coast  has  been  wasted  in  various  ways,  accord- 
ing to  the  material  and  its  configuration.  Opposite  Hilston 
Church  and  some  other  places,  for  instance,  the  chSa  are 
about  60  feet  high,  having  a  stratum  of  from  15  to  20  feet  of 
boulder  clay  at  the  base.  The  waste  is  not  by  any  means 
regular,  but  occurs  at  intervals  in  huge  landslips,  from  200 
to  600  yards  long,  and  from  20  to  50  yards  in  width.  In 
time,  the  waves  undermine  the  foot,  and  by  the  aid  of  frost 
and  land- water  bring  down  fresh  slips.  The  loss  is  at  the 
rate  of  from  1  yard  to  1^  yards  in  width  per  year.  Two  such 
landslips  are  represented  in  Figs.  188  and  184.  The  base,  a, 
of  boulder  clay,  stands  up  as  a  revetment  wall,  almost  vertical, 
for  20  feet  in  height,  b  is  the  old  drift,  of  sand,  gravel, 
clay,  &c. ;  at  o  is  a  fresh- water  deposit  about  5  inches  thick, 
from  60  feet  to  65  feet  above  the  sea-level ;  d  is  the  **  new 
drift,"  or  surface  covering.  One  of  the  slips,  where  the  clifif 
is  70  feet  high,  is  shown  in  an  early  stage  in  Fig.  185,  when 
the  sea,  after  having  cleared  away  all  traces  of  the  preceding 
slip,  acts  at  the  foot  of  the  base  of  boulder  clay,  undermining 
it  until  the  superincumbent  earth  eventually  breaks  away, 
and  slides  gradually  down  to  the  foot.  Slips  of  this  kind 
occur  where  the  beach  is  unusually  low,  and  admits  of  deep 
water  at  the  foot  of  the  cliif. 

For  many  years  it  had  been  the  practice  to  remove  the 
shingle,  or  debris  of  the  cliffs,  for  sale  for  the  repair  of 
parish  roads.  Opposite  Withemsea,  it  appears,  from  200,000 
to  250,000  tons  had  been  removed  along  a  frontage  of  two 
miles,  between  the  years  1854  and  1869,  being  at  the  rate 
of  6,000  tons  per  mile  per  ye^.    11  \&  T^\fiawx>&&\^l^  Uiat, 
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whilst,  prior  to  the  gravel  trade,  the  waste  of  Uie  diflb  only 
varied  from  210  feet  to  4*20  feet  per  yoar,  the  VKsta  wu 
increased  ftom  9  feet  to  16  feet  per  year  after  the  remoni 
of  the  shingle  was  commeDced.  In  1S70-71,*  six  groins 
were  erected,  as  shown  in  Fig.  186,  on  the  foreshore, 
which  was   very  low ;    and,  after  a  north-west  gide,  the 


fie.  186.— Qroini.  WiUls^lHt^  Eut  Cout. 

Vhole  of  the  beach,  ocoasionftUy,  was  swept  away  down 
lo  the  bare  clays.  On  the  8th  February,  1868,  an  nnnsnally 
high  tide  occurred,  doing  alarming  damage  along  the  coast. 
Xhe  high-water  mark  of  this  tide  reached  a  point  400  feet  to 
the  landward  of  the  present  ordinary  high-water  mark.  The 
groins,  eonstrncted  of  Oantzia  ledwobd,  were  pnt  down  at 
intervals  of  200  yards,  at  right  angles  to  tbe  beach ;  and 
they  varied  in  length  from  300  to  S50  feet.  No.  2  groin 
is  represented  in  elevation  and  plao,  Figs.  187.  The  tops 
of  the  groins  at  tbe  land  end  are  12  feet  above  ordinary 
high-water  spring-tides  ;  the  enter  ends  are  from  9  to  j  feet 
above  the  beach.  The  groins,  shown  in  detail.  Figs.  188, 
were  strutted  at  the  south  side  to  enable  them  to  resist  the 
pressure  of  the  aconmulated  beach  at  the  north  side.     The 

•  Seo  Mr.  R.  Pickwell'fl  paper  on  "The  Encroachmonts  of  the 
Sea  from  Spam  Point  to  Flaiaborough  Head,  and  the  Works  executed 
to  Prerent  the  Low  of  Land,"  in  the  J'TocttdiHgt  of  Iha  Intlilatwii 
V  Cifil  Engmiert,  1877-78,  Tol.  li.  p.  191. 
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main  pQes  are  18  incIieB  sqaare,  22  to  24  feet  long,  and  shod 

with  14-lb.  shoes  of  wrought  iron.    These  pilea  were  driven 

^  11  or  12  feet  into  the  bonlder  clsy 

g  below  the  Band.    The  strut  piles, 

IS  inches  square  and  12  feet  long, 

1  8  or  9  feet  into  the 

clay.     The  strnts,  18  inches  wide  by 


6i  inches  thick,  are  dovetailed  and 
halved  on  to  the  piles,  and  fixed  with 
l^-inch  holts  and  nuts  and  cast-iron 
washers.  The  planking  is  4  inches 
thick  and  11  inches  wide,  in  lengths 
of  from  20  feet  to  25  feet,  fixed  to  the  piles  with  1-inch 
bolts  and  nuts.  It  bad  been  observed  that  the  breakers 
were  most  destractive  about  the  locality  of  high-water  mark, 
oz  during  li  hours  before  and  aflei  the  ^iioa  oIV\^'v^\ki, 
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and  here  80-feet  piles  were  driven.     The  cost  of  the  groins 
was  £d  7s.  6d.  per  lineal  yard. 

Since  1871  no  more  land  has  been  lost  along  the  coast 
thus  treated.  On  the  contrary,  in  June,  1876,  five  or  six 
years  after  the  groins  had  been  erected,  Nos.  8,  4,  5,  and  6 
were  found  to  be  completely  buried  under  the  accumulated 
shingle  and  sand,  and  Nos.  1  and  2  were  buried  for  two- 
thirds  of  their  length,  according  to  Figs.  187.  The  ordinary 
high- water  spring-tide  mark  is  from  50  to  80  yards  further 
seaward  now  than  formerly.  The  protective  efficiency  of  the 
groins  is  only  apparent  for  a  length  of  about  a  quarter  of  a 
mile  to  the  southward  of  the  last  groin,  where  the  sea  at 
high  water  still  reaches  the  clifis.  But  to  the  northward  the 
efficiency  of  the  groins  in  preserving  the  clififs  from  the 
action  of  the  sea  at  high  water  extends  for  upwards  of  a 
mile.  Mr.  Pick  well  believes  that  the  groins  might  have 
been,  with  equal  benefit,  placed  at  intervals  of  800  yards 
instead  of  200  yards. 

Mr.  Pickwell,  referring  to  the  difficulty  of  penetrating  the 
wet  sand  beach  down  to  the  clay,  in  order  to  fix  the  lower 
planks  of  the  groins  just  described,  proposes  a  combination 
of  sheet  piles  at  the  lower  part,  and  longitudinal  planks 
above.  A  groin  on  this  arrangement  would  be  more  easily 
constructed  than  the  groins  shown  in  Figs.  188 ;  it  would 
also  be  stronger,  besides  ofiering  a  minimum  resistance  to 
the  waves,  if  the  upper  planking  be  gradually  added  as  the 
beach  accumulates,  maintained  at  a  level  of  8  or  4  feet  above 
the  beach.    The  cost  is  estimated  at  £4  10s.  per  lineal  yard.] 


CHAPTER  IV. 
SEA  DEFENCES-DYKES. 

The  consolidation  of  a  shore  most  be  performed  in  very 
different  manners  under  different  circnmstances.  If  the 
natural  inclination  above  low- water  mark,  up  to  the  extreme 
point  reached  by  the  waves  during  tempestuous  weather,  be 
abrupt,  it  will  probably  be  found  more  advantageous  to 
interpose  a  vertical  wall  or  defence,  whether  of  masonry  or 
of  woodwork.  In  the  former  case  the  stones  should  be  laid 
as  headers,  and  the  upper  parts  coped  with  the  largest  stones 
it  is  possible  to  procure,  also  laid  as  headers  ;  and  it  would  be 
advisable  to  pave  for  a  distance  of  some  8  or  10  feet  beyond 
the  coping,  so  as  to  throw  off  effectually  any  water  breaking 
over  the  wall.  The  footings  must  also  be  protected  by 
rubble  stone-work,  or  by  an  apron  bedded  in  mortar. 

In  Holland,  however,  the  dykes  are  very  frequently  formed 
as  represented  in  the  sketches  here  given,  the  body  of  the 
embankment  being  of  earth  with  a  hearting  of  fascines,  or  of 
bundles  of  reeds  in  some  cases,  or  with  a  facing  of  similar 
materials  in  others,  protected  at  the  foot  by  rubble- stones. 
Or,  again,  the  whole  of  the  embankment  may  be  in  earth- 
work, with  or  without  any  provision  to  break  the  force  of  the 
waves.  Many  instances  may  be  mentioned  where  the  banks 
of  the  polders  are  formed  in  a  manner  similar  to  a  coffer 
dam,  by  means  of  a  puddle-dyke  retained  between  sheet 
piling.  At  Havre,  the  mode  which  proved  most  successful 
consisted  in  forming  an  embaukmeul  ol  ^<d^iHXi^Q'^\^^\:s^^  ^^ 
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vertical  iuclosure  of  sheet  piling,  with  a  loose  nibble  apron 
ftt  the  foot,  or  even,  in  the  positionB  where  the  Bconring 
effects  of  the  cnrrent  were  very  great,  with  an  apron  of  solid 
masonry.  The  general  form  of  the  eea  defences  of  the  plains 
near  Havre  is  represented  iu  the  sketch  Fig.  195. 


[Dykes,  or  sea  and  river  embankments,  are  continnona 

deposits  of  regolar  masses  of  earth  at  places  where  it  ia 

BeeoBBOiy  io  remat  the  presBnie  oi  t^ie  ^«>TieU&tion  of  water, 

wall  united  with  soil  of  tlie  {oand&^ion,  ul&.  oaxneA.  «b<y4%  'Cua 
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lerd  of  the  highest  floods  to  which  they  may  be  exposed. 


Fig.  lttL-Puddl«  Dyka,  Sm*. 

In  tin  N^balaadB,  or  lowei  Itmda,  tiie  \«rj  euaXKiv^  *: 
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large  dietricta  was  dependent  upon  the  dykes  conBtrncted  for 
tbe  reclamation  of  land  from  the  sea — a 
process  of  great  antiquity.  In  the  four- 
teenth century  an  extensive  inroad  of  the 
sea  was  made  by  a  severe  flood,  by  which 
tbe  greater  portion  of  the  country  now  occu- 
pied by  tbe  Znyder  Zee  was  inundated. 

The  dyke, Fig.  196,  consists  fundamentally 
of  three  elements  ;  Ist,  tbe  crown,  or  central 
portion,  tbe  rectangular  prism  a  s  o  d,  the 
leyel  of  which  is  at  least  20  inches  above 
that  reacbed  by  tbe  highest  flood  or  storm 
~  4    tides.     The  width,  a  b,  varies  according  to 
-  I    the   pressure  to   be  resisted,  so   that   the 
I    water  may  neither  pass  over  nor  penetrate. 
2nd,  tbe  outer  slope,  age,  seawards,  of  a 
'    length  and  inclination  adapted  to  tbe  pressure 
;  and  the  action  of  the  waves  or  tbe  currents. 
,  S  The  point  s  is  tbe  toe  of  tbe  dyke.     Srd, 
the  inner  slope,  b  d  f,  serving  principally 
as  a  support  for  the  crown  or  body  of  tbe 
Vy^V,    S    dyke.    The  inclination  is  snch  as  the  earth 
naturally  rests  at,  or  the  angle  of  repose. 
The  point  f  is  tbe  heel  of  the  dyke.     The 
total  surface,  b  c  d  f,  is  tbe  stool,  or  foun- 
dation, of  tbe  dyke.     A  complete  sea-dyke 
has,  further,  an  additional  base,  or  berm, 
E  H,  outside,  at  least  80   feet  long.      The 
level  at  tbe  extremity,  h,  is  that  of  average 
high-water  mark  for  spring-floods,  and  the 
V       berm  rises  with  a  slope  of  1  in  20.     It  aids 
I      in  carrying  off  rain  and  sea-water,  and  for 
1     turning  the  waves  &om  tbe  dyke.    Also, 
Mn  MdditioBul  btoe,  or  berm,  r  <a,  from  18  feet  to  24^feet 
wide,  »t  tbe  lieight  of  onUnai?  ftoo&a  oi  Vi^uti^^  «,'ae«m&. 
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having  a  fall  of  1  in  20,  to  carry  ofif  rain-water.  The  inner 
harm  serves  as  a  local  road,  and  for  carrying  materials  for 
repairs  of  the  dyke.  Bat  the  inner  berm  is  usually  separated 
from  the  country  by  a  boundary  ditch,  o,  known  as  the 
berm  ditch,  for  the  security  of  the  dyke,  and  to  receive  the 
drainage  from  the  dyke. 

The  most  durable  and  least  costly  covering  for  dykes  is 
the  natural  grass  sod,  which  when  well  thickened,  efficiently 
protects  the  dyke  against  the  entry  of  water.  In  proceeding 
to  the  construction  of  a  dyke,  the  stool  or  seat  is  cleared  of 
stone  and  other  rubbish;  and,  if  it  is  covered  with  grass,  the 
sods  should  be  taken  up  and  stalked  for  use  in  clothing  the 
dyke.  The  ground  is  turned  over  a  few  inches  deep  with 
the  spade  or  with  the  plough,  and  well  broken  up,  that  the 
new  soil  may  unite  well  with  the  old  soil.  A  ditch,  a  foot 
deep,  is  rabbetted  into  the  ground  at  each  side,  to  form  abut- 
ments for  the  heel  and  the  toe  of  the  dyke.  The  material 
should  be  deposited  in  thia  layers,  10  or  12  inches  thick,  if 
from  wheelbarrows  or  trucks ;  or  14  or  IG  inches  thick  if 
from  horse-carts.  The  trampling  and  wheeling  help  to  con- 
solidate the  earth.  The  earth  is  carefully  broken  up  and 
well  rammed ;  and,  if  dry,  it  should  be  well  watered.  The 
layers,  a  c,  are  arranged  as  indicated  in  Fig.  196,  with  an 
outer  coating."^ 

The  dykes  on  the  coast  of  Denmark  have  existed  for  at 
least  seven  centuries.  The  comparatively  modern  dykes — 
constructed  since,  and  with  reference  to,  the  great  storm- 
flood  of  1825 — are  raised  to  various  heights,  according  to 
local  circumstances.  The  highest  known  flood-level  is  taken 
as  a  point  of  departure,  to  which  the  height  of  the  wave  is 
added.  The  height  of  the  outer  ground,  called  **  watt  '* — 
the  space  between  high  water  and  low  water — has  a  con- 
siderable influence  on  the  height  of  the  waves ;  and,  for  the 

•  See  "The  Engineering  of  Holland/'  by  Hyde  Clark,  in  JTeale't 
Quartsrly  Fapers,  yo\.  n,     1844. 
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district  of  Schleswig,  heights  of  from  14  feet 
to  18  feet  are  recommended.  The  sea  slope 
of  the  dyke,  Fig.  197,  is  not  uniform,  hat 
generally  a  slope  of  8  to  1  is  adopted  from 
the  crown  to  a  level  of  10  or  12  feet  above 
ordinary  flood,  completed  with  a  **  cess,"  or 
slope,  of  8,  10,  12,  or  15  to  1,  according 
to  circumstances.  The  top  is  from  8  to  10 
feet  wide  in  the  smaller  dykes,  and  from 
10  to  20  feet  wide  in  the  larger  dykes.  The 
crests  are  used  as  roads.  The  inner  slopes 
are  at  the  rate  of  H  to  1.  The  best  ma- 
terial for  dykes  is  clay  mixed  with  sand ; 
and  as  the  marsh  ground  itself  is  usually 
of  this  nature,  it  is  generally  used.  Clay 
alone,  with  any  sand  in  mixture,  easily 
bursts  after  exposure  to  rains,  or  dries  sud- 
denly and  cracks  by  excessive  heat.  Com- 
mon soil  is  frequently  used,  but  it  is  not  so 
good  for  the  purpose  as  sandy  clay,  as 
through  passages  are  more  easily  made  in 
soil  by  moles,  rats,  and  foxes,  which  at 
high  water  may  prove  dangerous.  When 
the  most  suitable  material  cannot  be  ob- 
tained in  sufficient  quantity  for  the  forma- 
tion of  the  dyke,  it  is  customary  to  cover 
the  water-slope  with  clay  several  feet  in 
thickness.  When  the  material  is  of  fine 
sand,  or  of  bog  earth,  both  slopes  are  covered 
with  clay  ;  and,  in  some  cases,  it  is  neces- 
sary to  construct  a  bedding  of  clay  laid  a 
considerable  depth  in  the  ground,  as  the 
water  may  otherwise  find  its  way  through 
the  ground,  and  issue  behind  the  dyke.  The 
slopes  are  coveted  ^Odl  %i^^^  ^c»^Vi>^\ii<&\\fiA 
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thick  and  1  foot  square.  Wheh  ordinary  tides  reach  the 
foot  of  the  dyke  aod  the  outer  groimd  ie  low,  the  sea-eiope 
is  treated  in  variouB  ways.  It  may  bo  pitched  with  etone 
blocks  weighing  800  lbs.  at  least,  having  their  smaller  sides 
uppermost.  They  are  bedded  on  a  layer  of  clay  and  small 
atones  mixed,  12  inches  thickt  The  slopes  are  mode  rela- 
tively steep,  having  inclinations  of  2  or  8  to  1,  and  the 
pitching  ia  carried  to  a  height  of  from  12  to  16  feet  above 
ordinary  flood.  On  solid  ground  this  protection  is  almost 
imperishable. 

Vhsre  stones  are  scarce  the  lower  end  only  is  pitched, 
and  is  laid  to  a  quick  curved  slope,  the  body  of  the  slope 
being  flat ;  as,  for  instance,  15  to  1. 

Straw,  of  rye  or  of  wheat,  in  a  layer  2  or  8  inches  in 
thicknesa,  is  used  for  the  protection  of  slopes  when  sods  are 
scarce.  The  etraw  is  fastened  to  the  earth  with  straw 
bands  pinned  to  the  earth. 

Fascines,  Figs.  198,  also,  are  used  on  the  Danish  coast, 
consisting  of  brushwood — willow,  by  preference — bound 
together  in  bundles,  10  feet  long  and  1  foot  thick  at  the 
middle.  Several  layers  are  placed  one  over  the  other,  with 
intermediate  layers  of  rough  stones. 


Tiga.  198 .-Fu(du«  I>>ke,  Daniih  Cuut. 

The  protection  of  seaweed,  together  with  stones,  has  been 
adopted  on  some  dykes  with  advantage.  At  the  mouth  of 
the  Heider,  in  North  Holland,  be-ukfl,  il«&i\^  ->{«i^t^^  v>^- 
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structed  of  seaweed  and  hazelwood  fascines,  backed  with 
clay,  have  stood  extremely  well  when  exposed  to  very  heavy 
seas,  possessing  a  considerable  degree  of  elasticity,  and 
vibrating  for  some  distance  along  the  bank  when  stmck  by 
a  wave. 

In  Holland  the  greater  portion  of  the  dykes  are  protected 
by  fascines — in  Dutch  ryshout — which  are  derived  from 
copses  of  willows,  osiers,  and  other  tall  brushwood,  for  the 
growth  of  which  the  swamps  and  morasses  are  well  adapted. 
An  example  of  the  employment  of  fascines  for  reclamation- 
dykes  is  supplied  in  the  mode,  shown  in  section.  Fig.  199, 
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Fig.  199.— Fascine  Dyke,  Holland. 

adopted  for  inclosing  the  estuary  of  the  Zuyder  Zee,  east  of 
Amsterdam,  caUed  "  Het  Y,"  in  1866.  The  width  at  the 
point  selected  for  the  construction  of  the  dam  was  about 
f  mile  ;  the  depth  of  water  varying  from  5  feet  to  27  feet. 
The  bottom  was  soft  alluvium,  about  40  feet  deep,  reposing 
on  sand.  The  rise  and  fall  of  the  tide  was  14  inches,  but 
there  were  variations  in  level  to  the  extent  of  &om  10  to  15 
feet,  caused  by  storms,  when  the  current  was  2^  miles  per 
hour.  The  crown  of  the  dam  is  18*1  feet  wide,  with  a  rise 
of  about  10  inches,  carried  to  12*8  feet  above  A.  P.  (Amster- 
damsche  Peil,  the  datum  of  levels  for  the  Netherlands).  The 
sea  slope  is  8^^  to  1  for  1*64  feet  above  A.  P. ;  the  inside 
slope  is  2  to  1  to  the  same  level.  The  slopes  are  succeeded 
by  horizonal  berms,  9*8  feet  wide  at  the  outside  and 
J6'd  feet  wide  at  the  inside ;  then  there  are  slopes  of  2  to  1 
for  1-64  feet  below  A.  P.   Yf\iere  ia^civii^^  «i«iu'&^^^\JDkft^<5s^^ 
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below  this  level  are  )  to  1.  The  slopes,  berms,  and  crown 
are  covered  with  puddled  clay  8*28  feet  thick.  Both  sides 
were  protected  with  strong  fascine  works  from  the  top  to 
1-64  feet  below  A.  P.,  and  loaded  with  stone.  When  the 
dam  was  closed,  the  fascines  on  the  inside  and  outside  slopes 
were  removed ;  a  bed  of  broken  bricks,  8  inches  thick,  was 
placed  on  each  slope,  and  the  surfaces  were  paved  with 
stones  at  least  12  inches  thick,  to  the  level  1*64  feet  below 
A.  P. 

The  first  thing  done  was  to  cover  the  entire  site  with  a 
strong  fascine  mattress,  worked  in  pieces  197  feet  long,  and 
overlapping  about  8^  feet,  called  **  grindstnkken  ;  *'  then  to 
build  up  the  exterior  portion  by  successive  layers  of  fascine 
mattresses  to  low- water  level,  when  the  trough  or  hollow 
between  them  was  nearly  filled  with  sand  or  clay.  The 
material  of  the  core  was  chiefly  of  sand,  and  was  securely 
held,  none  of  it  having  been  washed  away  by  the  current.] 


CHAPTER  V. 

SEA  EMBANKMENTS, 

[In  works  exposed  to  the  action  of  the  Bea»  it  is  necessary 
to  provide  for  and  guard  against  the  recoil  of  the  waves, 
which,  when  driven  against  a  vertical  wall  or  a  wall  nearly 
vertical,  fall  back,  and  tend,  by  the  force  of  their  fall,  to 
break  np  the  works  on  the  foreshore,  and  undermine  the 
foundations.  This  action  is  the  counterpart  of  that  which 
takes  place  when  the  waves  sweep  over  an  embankment  and 
are  precipitated  on  the  other  side.  But  that  action — on  the 
foreshore — may  be  injuriously  exerted,  save  upon  consider- 
ably sloped  work,  if  the  slope  and  the  protective  covering  be 
not  adapted  to  the  nature  of  the  construction.  For,  admit- 
ting that  the  percussive  action  of  waves,  driven  by  the  wind 
on  sea  slopes,  is  decreased  in  proportion  as  the  impinging 
water  is  spread  over  an  enlarged  surface,  the  angle  of  the 
slope  must  be  suited  to  the  nature  of  the  covering.  Accord- 
ingly, the  pitched  surfaces  of  the  Dutch  dykes  may  be  and 
are  much  more  steeply  sloped  than  \he  grass-covered  or 
fascine-covered  slopes, 

Mr.  J.  B.  McLean  describes  the  sea  embankments  of  the 
Farness  Railway,  constructed  similarly  to  some  of  the  dykes 
of  the  Netherlands.  Each  embankment  is  about  one  mile  in 
length  ;  and  though  the  situation  is  generally  well  sheltered, 
the  banks,  during  the  equinoctial  gales,  arc  exposed  to  heavy 
sess.  They  are  formed  of  sand,  faced  with  12  inches  of  day 
pnddle,  into  which  broken  Bionea  "weio  >o^«X.^vi  Vq  ^  ^^^^ib.  of 
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4  inches,  so  as  to  form  a  clay  concrete  bed  to  receive  the 
pitching  or  stone  facing,  which  is  12  inches  in  depth.  The 
portion  of  the  embankment  above  the  level  of  equinoctial 
tides  was  faced  on  each  side  with  sods  6  inches  thick,  cut 
from  the  '<  salting.*'  The  grass,  although  on  a  slope  of 
1  to  1  on  the  inner  side,  is  atrong  and  luxuriant,  and  the 
parapet  thus  formed  affords  a  complete  shelter  for  the 
railway. 

Mr.  Brunlees,  in  designing  the  pitched  sea  embankments 
constructed  in  1854  for  the  railway  across  the  estuaries  of 
the  Kent  and  Leven  in  Morecambe  Bay,  made  some  pre- 
liminary experimcQts  with  a  view  to  determine  the  inclina- 
tion at  which  the  stones  ought  to  be  placed,  so  as  to  obtain 
the  maximum  amount  of  adhesion  between  the  stones,  and 
to  resist  most  effectively  the  disturbing  force  of  sea- waves. 
The  experimental  slopes,  4  feet  in  vertical  height,  were  con- 
structed of  ffre-bricks,  set  on  end,  so  as  to  equal  a  depth  of 
9  inches  in  the  bed.  The  central  brick  in  each  slope  was 
extracted  by  means  of  a  weighted  chain  passed  over  pulley. 
The  weights  at  the  end  of  the  chain  required  to  extract  the 
central  bricks  were  as  follows : — 


Ratio  of  Slope. 

1  to  1 

2  „  I 

3  „  1 

4  „  1 


Weight  required  to 

eztxtict  the  Central 

Brick. 

105  lbs. 

148 

144 

98 


»» 


i» 


)f 


From  these  results  it  appears  that,  at  a  slope  of  from  2  to  1 
to  3  to  1,  the  maximum  resistance  to  disturbance  was  pre- 
sented :  composed,  evidently,  of  the  resistance  to  gravity  and 
the  frictional  resistance  between  the  bricks.  Mr.  Brunlees 
ultimately  adopted  a  slope  of  2  to  1  for  the  sea-faces,  at 
which  the  embankments  have  stood  well.  The  sand  of  the 
bay,  constituting  the  hearting  of  the  banks,  consists  to  a 
great  degree  of  calcareous  matter  washed  from  l\x^  lvE£k&%V.^\!k& 
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of  tbe  district.  The  sand  Btands  woU  at  a  slope  of  It  to  1 
ID  slill  water.  The  inner  slopes  of  the  embankments  along 
the  shores  are  at  an  angle  of  1 1  to  1 ;  whilst  those  of  the 
banks  crossing  the  estnarieB  are  IJ  to  1,  as  in  Figs.  200  and 
201,  showing  the  embankments  of  the  Leven  estnary.     Xha 


sea  slopes  were  covered  with  a  12  inch  layer  of  clay  pnddle, 
which  protected  the  material  dunng  the  formation  of  the 
embankment  and  permanently  prevented  the  work  ng  out  of 
the  sand  tbrongh  the  joints  of  Uie  p  tch  ng  by  the  action  of 
the  sea.  The  pnddle  m  its  t\mi  \&  protected  by  a  bed  of 
small  rabble  stones    tecbnxcali^  ceWei^     v^oait^  tiA"  ^\a^ 
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is  laid  to  a  depth  of  18  inches.  On  this  bed,  the  pitching- 
stonesy  18  inches  thick  at  the  bottom  and  12  inches  at  the 
lop,  and  averaging  15  inches  in  depth,  are  compactly  set, 
making  a  total  average  thickness  of  8  feet  9  inches  of  cover- 
ing. The  pitching,  carried  to  a  depth  of  8  feet  below  the 
surface  of  the  beach,  was  of  limestone  from  the  excavations 
and  the  qnarries  in  the  neighbourhood.  Of  the  landward 
embankments,  the  land  slopes  were  protected  during  the 
period  of  construction  by  a  thin  layer  of  puddle  or  sods. 
Of  the  through  embankments,  both  sides  of  which  are  ex- 
posed to  the  sea  until  reclamation  is  effected,  the  land  slopes 
were  protected  with  random  pitching  8  inches  deep.  The 
embankments  are  from  15  to  25  feet  high.  There  is  no 
littoral  current,  and  sand  has  accumulated  at  the  base  of  the 
bank.     Besides,  there  are  groins  of  rubble  stone.* 

Mr.  G.  W.  Hemans  adopted  the  same  slopes  for  a  railway 
embankment.  Fig.  202,  across  the  Clontarf  Estuary,  on  thu 


><.'  •' 


-Be^Jch     *• 


Fig.  202.— Railway  Embankment,  Clontarf  Estuary. 


line  of  the  Dublin  and  Drogheda  Railway.  On  a  core  of 
sand  and  mud  clay  puddle  8  feet  thick  was  laid ;  on  the 
clay  he  laid  quarry  chips,  upon  which  the  pitching  was  laid. 
The  upper  side  of  the  pitching  extended  2  feet  below  the 
surface.  The  pitching  consisted  of  stones  not  less  than 
2  feet  deep  at  the  base,  and  18  inches  upwards.  The  slopes 
have  stood  well ;  though  the  middle  has  subsided  considerably. 
For  another  embankment  on  the  same  railway,  crossing 
the  Malahide  Estuary,  nearly  one  mile  in  width,  the  section 

*  Soc  Mr.  Bnmlee*s  paper  on  Sea  Embankments,  in  the  Proeeedingi 
of  the  ImtUution  of  Civil  Efigineeri^  vol.  xiv.  "p.  2^^. 

B 
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shown  in  Fig.  208  was  adopted,  in  which  the  eea-&Cfl  is  of  ui 

ogee    form,   having    reverse    curves. 

This  form  was  certainly  not  so  good  ,') 

as  that  of  a  straight  slope.    The  action  ^  '•:'■:'■, 

of  the  waves  tended  to  beat  down  the 

stones,  resting  only  on  their  edges,  on 


the  most  nearly  level  portion  hetween 
A  and  B,  and  to  work  np  the  clay 
tbrongh  the  joints.  The  stones  began 
to  sink,  the  concave  pottloti  became 
dattgarouBly  hollowed,  and  the  i^aiK^l 
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wall  neeeegarily  suffered.     Groins  are  placed  at  intervals  on 
the  sea  side  of  the  bank ;  they  have  proved  of  utility. 

Dymchorch  wall,  dyke,  or  sea  embank- 
ment, on  the  coast  of  Kent,  8f  miles  long, 
was  erected  for  the  defence  of  Bomney 
Marsh.  It  is  shown  in  section,  in  Fig.  204, 
as  remodelled  by  Mr.  Walker.  It  has  an 
uniform  slope  of  6  or  7  to  1,  with  a  curved 
summit,  to  a  radius  of  7  feet,  in  order  to 
throw  off  the  water  from  the  top  of  the  wall. 
Paving-stones  of  Kentish  rag  are  bedded 
on  clay.  Previously,  the  slopes  were  too 
steep,  and  the  clay  was  washed  away  by 
the  receding  waves  penetrating  through  the 
joints.  By  the  flatter  slope,  the  power  of 
the  ascending  waves  is  gradually  spent. 
Plank  sheet-piling  was  driven  along  the 
toe  of  the  bank,  and  rows  of  the  same 
were  driven  down  the  face  of  the  work 
transversely.  By  the  transverse  sheet- 
piling,  breaches,  where  they  occur,  are 
limited  in  extent.  The  crown  of  the  dyke 
is  20  feet  wide,  and  the  land  slope  is 
4itol. 

In  the  estuary  of  the  Thames,  the  sea* 
banks  are  formed  like  the  Dymohuroh  wall, 
but  lighter  and  steeper,  as  exemplified  at 
St.  Mary's,  Kent,  Fig.  205,  where  the  sea 
slope  is  5  to  1,  and  the  land  slope 
4}  to  1.* 

Vertical   walls,   constructed  as  sea-de- 
fences in  shallow  water,  are,  as  befor 
remarked,  more  troublesome   to  keep  in 

♦  See  <*  Chatham  Lectures— Marine  Engineering,*'  by  Mr.  J.  B. 
Bodman.    1877. 

R  2 
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good  order  than  sloped  work.    Mr.  R.  StepheDson  constmeted 
sea-walls  on  the  line  of  the  Chester  and  Holyhead  Railway, 
near  Conway.     These  walls,  IJ  mile  in  length,  extend  over 
portions  of  the  line  which  form 
_  the  terrace  beneath  the  steep  slope 

S    ^  of  Penmaenmawr.     The  average 

,    •  R-iffi-.!  section  of  the  mun  sea-wall,  aa 
rj;  actually  constmeted,  is  shown  in 

Fig.  206  ;  6i  feet  thick  at  the  top, 
and  14  feet  above  high-water 
spring-tides.  The  parapet  was 
carried  6  feet  high  above  the  leV' 
of  the  rails,  with  a  curved  over- 
hanging face,  to  a  radius  of  25 
feet,  so  as  to  throw  off  the  waves. 

tin  S08.  -  ae»-w»ll,  n«r  C™w»T.    ^^  ^^'   '"'*^'  ^°^  ^^  ^^  ^^^'^^ 

nesB,  of  dressed  ashlar,  the  re- 
mainder of  conrsed  rubble.  As  the  beach  was  found 
seriously  to  subside  at  the  base  of  the  wall,  a  low  terrace  of 


/orgB  stonea  and  a  breakwater.  Figs.  207  were  formed  in  front 
of  ibe  wall,  to  preserve  tlie  Iouiid.a,\Aoi«,  «.ii^,«ii  ^Iva  aame 
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time,  to  break  the  waves  and  prevent  the  projection  of  solid 
water  over  the  parapet.  The  breakwater  consisted  of  a  zig- 
zag row  of  piles,  2  feet  clear  apart,  in  right-angled  bays,  foar 
piles  to  each  bay,  the  inner  angles  being  from  12  to  15  feet 
from  the  face  of  the  wall.  The  piles  were  backed  with 
8-iiich  planks. 

Bat  thoagh  slopes  are  better  than  vertical,  or  nearly  verti- 
cal faces,  in  shallow  water,  the  vertical  face  is  preferable  in 
deep  water.  The  preference  is  clearly  established  in  the 
practice  of  construction  of  piers  and  breakwaters.] 


CHAPTER  VI. 

HARBOURS. 

The  construction  of  piers,  jetties,  and  breakwaters  is  much 
influenced  by  the  considerations  of  the  effects  of  winds, 
tides,  and  currents,  above  described*  The  objects  they  are 
proposed  to  effect  are  to  procure  tranquillity  in  the  interior  of 
ports,  and  at  the  same  time  to  facilitate  the  manoeuvres  of 
shipping  entering  or  leaving  them.  To  explain  the  details 
connected  with  such  works,  it  becomes,  therefore,  necessary 
to  dwell  somewhat  at  length  upon  the  general  character  and 
description  of  ports  to  which  they  form  such  important 
adjuncts. 

It  is  usual  to  designate  by  the  term  **  port'*  a  space  of  water 
in  connection  with  the  sea,  of  variable  dimensions,  and  of 
depths  either  constant  or  variable,  in  which  ships  may  obtain 
shelter  from  tempests  or  from  an  enemy,  repair  any  damage 
they  may  have  received,  or  discharge  and  replace  their 
cargoes.  Such  ports  may  be  either  upon  the  immediate  sea- 
coast,  or  at  some  distance  from  the  month  of  a  river.  The 
former,  again,  may  either  possess  a  broad  expanse  of  sheltered 
sea,  or,  as  they  are  called,  roads ;  or  they  may  be  placed 
upon  unprotected  open  shores.  Roads  also  may  be  natural 
or  artificial,  open  or  sheltered,  according  to  the  configuration 
of  the  coast  and  of  the  bed  of  the  sea  in  the  particular 
direction  under  consideration.  But  of  whatever  description 
they  may  be,  their  utility  mainly  depends  upon  their  possess- 
ion a  suMcient  depth  of  water  iot  a  n^^^qI  to  ride  at  anchor 
at  any  time  of  the  tides ;  wVaiat  tiie  \>oV.\ATXi  m\s&\.  \k^  ^w^- 
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ciently  firm  to  allow  the  anchors  to  hold  in  a  storm.  If  such 
roads  have  convenient  access,  they  facilitate  commerce  by 
forming  calling  stations  where  vessels  may  wait  for  orders, 
or  where  they  may  wait  for  the  winds  or  tides  requisite  to 
carry  them  into  harbour. 

Both  roads  and  ports  may  be  further  sub-classified  into 
those  without  tides  and  those  with  tides,  according  as  they 
may  be  situated  upon  waters  affected  or  not  by  that  semi- 
diurnal inequality.  The  ports  upon  the  Mediterranean,  the 
Gulf  of  Mexico,  the  Caspian,  and  the  great  fresh-water  lakes, 
may  be  considered  as  of  the  former  class ;  those  upon  the 
shores  of  the  ocean  as  of  the  latter.  Practically,  also,  the 
usages  to  which  roads  and  ports  are  specially  appropriated 
give  rise  to  a  further  separation  into  the  respective  classes  of 
commercial  and  military. 

The  variable  degree  in  which  harbours  are  affected  by  the 
tides  produces  a  marked  difference  in  the  influence  of  roads 
upon  their  utility.  For  if  the  interior  of  the  harbours  should 
not  possess  a  sufficient  depth  of  water  at  low  tides  to  allow 
vessels  to  enter,  evidently  it  will  be  necessary  that  these 
should  wait  until  a  favourable  moment  should  arrive,  and 
this  could  only  be  effected  in  a  road  close  to  the  mouth  of 
the  harbour.  As  the  larger  class  of  vessels  are  not  con- 
structed to  take  the  ground,  as  it  is  called,  or  to  lie  high  and 
dry  between  the  intervals  of  the  tides,  it  becomes  necessary 
to  construct  floating  docks  to  receive  them  in  all  ports  so 
circumstanced. 

The  utility  of  roads,  whether  open  or  sheltered,  must  of 
course  depend  upon  the  number  of  vessels  they  are  able  to 
accommodate.  Sufficient  space  must  be  left  round  each 
vessel  to  allow  of  its  swinging  upon  its  anchor,  according  to 
the  changes  of  the  winds  or  the  tides,  without  its  being  ex- 
posed to  foul  any  other  vessel.  It  is  usual  to  calculate  upon 
a  radius  of  two  cables'  length  for  ships  of  war,  and  of  about 
half  that  radiaa  for  merchant  veBBeVft. 
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On  account  of  the  great  space  thus  required,  roads  cannot 
be  entirely  formed  by  artificial  means;  they  must  exist 
naturally,  in  a  more  or  less  perfect  state.  It  is,  however, 
possible  to  improve  such  as  may  exist  by  the  construction  of 
breakwaters  or  of  jetties,  so  as  to  shelter  any  portion  ex- 
posed to  the  violent  action  of  storms ;  or  by  dredging  any 
shoals  to  increase  the  available  surface  for  anchorage.  The 
roads  of  Plymouth,  Cherbourg,  Cette,  and  at  the  mouth  of 
the  Delaware  in  the  United  States,  may  be  cited  as  illustra- 
tions of  what  has  been  done  to  create  an  artificial  shelter ; 
whilst  the  port  of  Nieuwe  Diep,  on  the  Zuiderzee,  and  of 
Lorient,  may  illustrate  the  methods  employed  to  clear  an 
already  existing  roadstead.  There  were,  however,  some 
peculiarities  attached  to  the  amelioration  of  the  port  of 
Nieuwe  Diep  which  require  to  be  noticed  hereafter  a  little 
in  detail. 

The  most  advantageous  situation  for  a  port  is  at  the  ex- 
tremity of  a  roadstead,  especially  if  the  channel  of  communi- 
cation assumes  a  tortuous  form.  Should  this  not  be  the  case, 
it  will  be  necessary  to  construct  piers,  jetties,  or  moles,  to 
destroy  the  undulations  communicated  by  the  open  sea.  It 
is  also  of  vital  importance  for  the  security  of  a  port  that  it 
should  be  surrounded  by  high  lands  on  the  in-shore,  to 
guarantee  vessels  from  the  effects  of  the  winds  blowing  from 
that  direction. 

As  the  piers  at  the  mouths  of  harbours  are  constructed 
with  a  view  to  fiEicilitate  the  manoeuvres  of  vessels,  it  is 
found  preferable  to  make  greater  provisions  to  assist  their 
entry  than  their  departure.  A  vessel  in  harbour  can  always 
wait  for  favourable  weather  ;  whilst  those  coming  in  from  the 
open  sea  may  often  be  driven  in  by  stress  of  weather.  In  all 
tidal  harbours,  also,  it  is  necessary  to  place  the  piers  so  that 
they  may  coincide  with  the  direction  of  the  currents,  and  in 
sacb  a  maxmer  that  the  ships  should  not  be  carried  against 
item  wbilst  passing  to  the  inlenot,    01  ^c^\yx%^  Vk^  ^^x^- 
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eaation  wUl  require  to  be  observed  in  tideless  harbours,  if 
any  decidedly  marked  littoral  current  should  exist ;  but  it  is 
of  more  serious  importance  where  the  currents  flow  in  alter- 
nate directions  than  where  they  are  permanent.  It  is  to  be 
observed,  however,  that  the  manner  in  which  vessels  are 
towed  out  from  the  interior  of  a  port  will  influence  the  form 
of  the  piers  to  a  certain  extent.  Because  if  the  vessels  are 
towed  in  by  men,  or  warped  in  by  a  rope,  the  piers  must  be 
carried  out  so  far  that  they  should  be  able  to  make  their  flrst 
tack  without  falling  on  the  opposite  side ;  whilst  if  the 
vessels  be  towed  out  by  steamers,  the  extension  of  the  piers 
need  only  be  regulated  by  the  necessity  for  protecting  the 
entry  of  the  harbour  from  the  effects  of  the  currents. 

Beyond  the  jetties,  in  all  seaports  of  importance,  it  is  usual 
to  construct  an  outer  harbour,  surrounded  by  quays,  at  the 
bottom  of  which  are  placed  the  docks  intended  to  receive 
vessels  of  large  tonnage,  and  to  retain  the  water  entering  at 
high  tide,  so  as  to  allow  the  operation  of  unloading  to  be 
performed  whilst  the  vessels  are  afloat.  Small  vessels  and 
fishing  craft  generally  remain  in  the  outer  harbour,  as  do  also 
the  coasters  or  other  craft  able  to  depart  at  half-tide.  The 
sluice-gates,  and  the  leading  channels  from  the  back-water, 
whether  it  be  natural  or  artificial,  are  also  placed  upon  some 
portion  of  the  outer  harbour. 

The  length  to  be  given  to  this  part  of  a  port  will  depend 
very  much  upon  the  facilities  it  may  possess,  with  respect 
to  the  entrance  or  departure  of  vessels.  It  frequently  happens 
that  during  windy  weather  these  may  retain  a  very  consider- 
able portion  of  the  momentum  derived  from  the  velocity  they 
had  whilst  under  sail;  sufficient  space  must  therefore  be 
allowed  for  the  destruction  of  this  momentum  before  the 
vessels  arrive  at  the  locks  giving  access  to  the  inner  harbour^ 
On  this  account,  also,  it  is  preferable  to  direct  the  entrance 
between  the  jetties  a  little  out  of  the  line  of  the  prevailing 
winds^  and  to  place  the  lock-gatea  Bom^^\i^\»  Q\^\kQi'^<^  \\:l^<^ 
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path  followed  by  the  vessels  entering.  Generally  speaking, 
it  will  be  found  sufficient  to  make  the  length  of  the  outer 
harbour  about  700  yards. 

The  width  usually  given  to  the  channel  between  the  jetties 
at  the  entrance  of  a  harbour  is  that  which  shall  be  sufficient 
to  allow  the  passage  of  three  of  the  largest  ships  frequenting 
it,  under  sail,  and  at  the  same  time.  The  minimum  may 
vary  between  100  and  240  feet,  according  to  the  size  of  the 
ships  and  to  the  power  of  the  sluices.  At  the  extremities 
the  width  should  be  increased,  because  the  ships  require 
more  room  to  perform  their  evolutions  whilst  under  the  influ- 
ence of  the  way  they  carry  in  from  the  open  sea  than  when 
they  have  followed  the  narrow  channel  for  some  time.  The 
introduction  of  steam-tugs  has  called  for  a  greater  width  of 
channel  than  was  required  under  the  old  system. 

The  dimensions  and  dispositions  of  the  inner  harbour  will 
be  regulated  by  the  nature  of  the  vessels  frequenting  it,  and 
the  depth  must  be  such  as  at  all  times  to  exceed  the  draught 
of  water  of  the  largest  vessel  it  is  likely  to  receive.  This 
excess  of  depth  is  required,  firstly,  to  compensate  for  any  loss 
of  water  which  may  take  place  between  two  consecutive  tides, 
whether  it  arise  from  evaporation  or  leakage ;  secondly,  to 
allow  of  the  abstraction  of  a  certain  quantity  of  water  for  the 
purpose  of  scouring  the  passage  in  front  of  the  lock-gates ; 
thirdly,  to  prevent  the  possibility  of  the  vessels  grounding, 
should  any  agitation  either  be  transmitted  from  the  outer 
harbour,  or  be  produced  in  any  manner  in  the  inner  one ; 
fourthly,  to  allow  of  the  gates  being  opened  a  little  before  the 
period  of  the  highest  tide  so  as  to  permit  vessels  of  light 
draught  to  leave  at  an  early  period  ;  and  fifthly,  to  provide 
against  the  gradual  silting  up  of  the  inner  harbour.  In 
order  to  provide  against  all  these  sources  of  possible  annoy- 
ance, and  to  secure  the  eventual  advantages,  it  is  usual  to 
mAke  the  depth  of  inner  harbours  2  to  8  feet  in  excess 
of  wbai  IB  absolutely  reqmred  U>  t^^wj^  VJci^  -^^wk^  fc^- 
qaenting  iL 
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As  an  eeonomioal  qaesidon,  we  may  consider  that  the 
dimensions  of  length  and  breadth  should  be  decided  npon  the 
principle  that  the  greatest  number  of  vessels  should  be  able  to 
lie  alongside  the  quays,  with  the  smallest  amount  of  expense 
in  the  excavation  of  the  water  surface.  At  the  same  time  it 
is  necessary  to  leave  between  the  different  tiers  of  vessels  a 
space  sufficient  for  the  evolutions  of  those  about  to  enter  or 
depart.  In  some  of  the  most  convenient  modern  ports, 
intended  to  receive  commercial  vessels  only,  the  length  is 
made  about  five  times  the  width,  and  in  these  instances 
vessels  often  lie  in  three  tiers  on  either  side.  In  military 
ports,  however,  it  is  necessary  to  bring  every  vessel  close  to 
the  quay,  and  therefore  the  proportionate  length  may  be  less 
than  that  above  stated.  At  Cherbourg,  where  the  expense  of 
excavating  the  basins  in  the  solid  rock  was  enormous,  their 
dimensions  were  reduced  to  the  minimum ;  one  of  them  was 
therefore  made  nearly  square,  or  754  feet  wide  by  852  feet 
long ;  whilst  the  second  was  made  656  feet  wide  by  1,812  feet 
long,  or  in  the  proportion  of  1  in  width  to  2  in  length. 

The  gates  closing  the  inner  harbour  should  be  constructed 
with  a  view  to  secure  the  most  rapid  operations  in  opening 
and  shutting,  and  to  render  the  leakage  at  the  several  joints 
as  small  as  possible.  Their  width  must  be  regulated  by  the 
class  of  vessels  entering.  Barques  and  sailing  vessels  under 
500  tons  burthen  do  not  require  a  greater  width  than  50  feet ; 
a  first-class  frigate  does  not  require  more  than  52  feet ;  nor 
does  a  first-class  sail  of  the  line  require  more  than  60  feet. 
But  the  colossal  dimensions  of  some  of  the  modem  steamers 
render  it  necessary  to  make  the  gates  through  which  they 
are  to  pass  not  less  than  from  70  to  80  feet  wide.  It  is 
customary  to  place  sluices  at  the  bottom  of  the  lock-gates  to 
assist  in  scouring  the  platform  at  the  entry. 

The  depth  of  the  floor  of  the  passage  will  be  regulated  by 
the  draught  of  water  of  the  vessels  entering.  A  500-ton 
yessel  will  draw  about  16  feet,  a  &r«l-c\eA%  lf^g^^J^  i^^^ 
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22  feet,  and  a  first-class  man-of-war  about  27  feet,  sup- 
posing them  to  be  under  full  load.  As  the  draught  of 
steamboats  is  in  nowise  commensurate  with  their  width, 
they  may  be  considered  to  be  comprised  within  these 
dimensions. 

Unless  there  be  very  great  inequalities  of  the  tide,  one  set  of 
gates  will  be  sufficient  to  retain  the  water  during  the  period 
of  the  ebb ;  but  it  frequently  happens  that  it  is  indispensable 
to  place  a  set  of  gates  to  exclude  the  flood-tide,  especially 
when  repairs  are  likely  to  be  required  to  the  flooring  of  the 
gate  passage  or  the  inner  harbour.  It  appears,  therefore,  a 
very  necessary  precaution  to  construct  the  chamber  and  pas- 
sage so  as  to  admit  of  placing  two  pairs  of  gates,  respectively 
to  provide  against  the  ebb  and  the  flood  tides  ;  and  in  many 
commercial  ports  it  may  even  be  advisable  to  place  a  second 
pair  of  ebb  gates  in  order  to  allow  the  intermediate  space  to 
become  a  species  of  lock  to  facilitate  the  departure  of  small 
craft  at  the  half  tides.  A  provision  should  also  be  made  for 
the  insertion  of  a  coffer-dam ;  and  in  almost  all  cases  it  will 
be  necessary  to  construct  a  turning  bridge  for  the  purpose  of 
connecting  the  roads  or  quays  on  either  side  of  the  passage. 
In  the  side  walls  of  the  lock  chambers  it  is  also  customary 
to  construct  culverts,  provided  with  gates  and  raising  ma- 
chinery, for  the  purpose  of  assisting  the  scouring  action  of 
the  sluices  in  the  gates  themselves  upon  the  passage  leading 
up  to  the  latter.  It  follows,  therefore,  from  the  necessity  for 
these  several  works,  that  the  length  to'  be  given  to  the 
entrance  from  the  outer  to  the  inner  harbours  of  any  port 
must  vary  according  to  the  local  conditions  of  tide,  or  of 
the  communications  between  the  two  banks  of  the  inner 
harbour. 

[Harbours  admit  of  classification,  as  havens  for  the  pro- 
iection  of  flhipa  during  storms^  or  <*  harbours  of  refuge  ;  *' 
Mndms  porta  adapted  for  commetm\  v^t^^^^^. 


HARBOURS. 


373 


Harbours  of  refage  consist  of  one  or  more  breakwaters,  so 
placed  as  to  form  a  safe  anchorage-ground,  easily  accessible 
to  the  largest  vessels  in  all  states  of  the  weather  and  at  all 
times  of  the  tide.  A  breakwater  acts  as  a  barrier  to  the  pro- 
gress of  waves,  and  thus  secures  comparatively  quiet 
water  landward  of  it.  Breakwaters  are  not  used  for  com- 
mercial traffic,  and  they  present  nothing  more  than  a  mass  of 
sufficient  weight  and  solidity  to  break  the  force  of  the  waves. 
The  old  breakwaters  offer  many  instances  of  this  kind.  But 
the  more  modem  breakwaters  are  commonly  constructed 
with  a  parapet  wall,  which,  besides  of  course  contributing  to 
prevent  the  waves  from  breaking  over  the  top,  also  operate 
usefully  as  a  protection  from  the  wind. 

Harbours  constructed  for  commercial  purposes  are  neces- 
sarily provided  with  breakwaters,  piers,  quays,  or  docks, 
singly  or  in  combination,  by  which  a  sheet  of  water  is 
enclosed  and  tranquillised,  in  order  that  vessels  may  be 
moored  at  the  quay-walls  or  wharves  forming  the  inner 
sides  of  piers  or  docks.  Mr.  Thomas  Stevenson "*"  illustrates 
the  varieties  of  commercial  harbours,  as  in  Figs.  208. 


Figs.  208.— Commercial  Harbours. 

Where  the  coast-line  lies  open  to  a  heavy  sea,  it  is  often 
necessary  to  make  a  double  harbour,  a  or  6,  where 
the    entrance  to  the   river    basin  is    situated   within  the 
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sheltered  area  formed  by  the  onter  works.  The  kanted 
or  curved  pier  c,  a£fords  shelter  to  vessels  lying  under  the 
lee  of  the  kant,  the  sheltered  side  of  the  pier  being 
finished  as  a  quay.  Piers  may  be  formed  with  a  double 
kant,  like  the  letter  T.  A  straight  pier,  d,  generally  pro- 
jects at  right  angles  to  the  coast-line,  and,  unless  when 
the  wind  blows  right  on  shore,  the  straight  pier  always 
affords  shelter  on  the  lee  side.  Both  sides  may  be  finished 
as  quay  walls,  and  the  parapet,  if  there  be  one,  is  built 
in  the  middle  of  the  roadway.  The  simple  quay,  or  wharf,  e, 
is  constructed  parallel  to  the  line  of  the  shore.  It  affords  no 
shelter;  it  simply  affords  facility  for  vessels  loading  and 
unloading  in  deep  water. 

The  width  of  the  entrance  of  harbours  varies  between  the 
limits  of  100  feet  and  1000  feet.  But  the  usual  variations 
range  between  200  feet  and  400  f  e  et.  The  following  area 
few  instances  given  by  Mr.  Stevenson. 


Dover    . 

Newhaven 

Ramsgate 

Portland 

Ayr 

Leith 

Yannouth. 

Sunderland 

Aberdeen 

Portsmonth 

Kingstown 

Calaia 

Boulogne 


Width  of  enlzanoe. 

120  feet. 

150 

190 

400 

215 

240 

250 

315  &  368  ft 

378  feet. 

700 

>> 

960 

»» 

328 

»> 

230 

»  ] 

CHAPTER  VII. 

BREAKWATERS. 

The  fonnation  of  a  breakwater  is  sometimes  necessary  to 
secnre  the  tranquillity  of  the  roads.  Plymonth,  Gberbonrg, 
Cette,  and  the  port  at  tbe  montb  of  tbe  Delaware,  bave  been 
cited  as  illustrations  of  tbis  species  of  construction,  and  tbey 
offer  sufficient  differences  of  principle  even  to  require  a  some- 
what detailed  examination.  A  notice  of  the  breakwater  of 
the  port  of  Buffalo,  on  Lake  Erie,  is  added,  for  the  purpose 
of  showing  tbe  methods  adopted  by  the  American  engineers 
in  what  may  really  be  called  their  fresh-water  seas. 

The  **  Digue "  of  Cherbourg,  tbe  first  in  chronological 
order  and  in  size,  is  unquestionably  one  of  the  boldest  and 
most  gigantic  works  executed  by  man.  Its  total  length  is 
about  4,120  yards,  and  it  consists  of  two  arms,  respectively 
2,441  and  1,679  yards  long,  forming  at  their  junction  an 
obtuse  salient  angle  towards  the  open  sea  of  about  169°, 
with  an  average  depth  of  water,  at  high  spring  tides,  of  about 
62  feet.  The  foundations  for  a  circular  battery,  100  feet  in 
diameter,  have  been  prepared  at  the  east  end,  and  at  the 
west  end  for  a  similar  fort  of  184  feet  in  diameter ;  whilst  at 
the  point  of  junction  of  the  two  arms,  the  foundations  have 
been  laid  for  a  fort  of  about  640  feet  in  development.  The 
width  of  the  passes  between  the  extremities  of  the  digue  and 
the  main  land  at  the  points  where  fortifications  (crossing 
their  fires  with  those  of  the  intended  forts  on  the  digue)  are 
erected,  is  respectively  1,040  and  %fi\h  ^^^x^.    Tol^  ^^t^^ 
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sheltered  by  this  work  is  abont  equal  to  1,927  English  acres 
at  low  tides ;  but  of  this,  not  more  than  696  acres  have  a 
depth  of  27  feet  at  the  lowest  tides.  Of  this  deep-water 
surface  it  also  appears  that  nearly  two- thirds  are  exposed  to 
the  unbroken  violence  of  the  ocean  during  the  winter  months, 
so  that  really  the  roads  of  Cherbourg,  notwithstanding  the 
immense  cost  of  the  digue,  can  hardly  be  said  to  be  able  to 
shelter  more  than  from  25  to  80  sail  of  the  line,  inasmuch  as 
each  vessel  requires  from  about  8^  to  10  acres  superficial  to 
swing  freely  upon  its  anchors.  In  the  shallower  parts  of 
the  roads  an  equal  number  of  frigates  could  be  made  to  ride 
in  safety. 

The  original  intention  in  constructing  the  digue  was,  that 
it  should  be  submersible  at  one-third  of  the  rising  tide.  This 
intention  was  subsequently  abandoned,  and  the  height  was 
proposed  to  be  at  different  periods,  firstly,  that  of  the  ordi- 
nary spring  tides,  then  10  feet  above  that  line,  and  finally 
the  actual  height  of  12  feet  6  inches  was  adopted.  The 
sketch.  Fig.  209,  opposite  will  represent  the  normal  section  of 
the  digue  ;  the  sketches,  Figs.  210,  211,  212,  are  introduced 
to  show  the  modifications  of  the  profile  superinduced  by  the 
action  of  the  sea  between  the  years  1788  and  1829.  As  will 
be  seen  upon  inspection  of  these  figures,  the  slope  of  the 
seaward  face  had  materially  changed ;  and  in  1829,  as  it  was 
found  that  the  tranquillity  of  the  roads  was  by  no  means 
secured,  and  that  the  small  blocks  were  constantly  swept 
over  from  the  sea  side  to  the  inner  face,  it  was  resolved, 
after  long  and  anxious  deliberation,  to  crown  the  top  of  the 
sea  slope  with  a  vertical  wall,  as  shown.  The  original  digue 
was  completed  to  the  line  of  the  low  spring  tides  in  small 
blocks,  and  after  the  materials  thus  added  had  been  allowed 
to  settle,  they  were  covered  with  a  bed  of  hydraulic  concrete 
6  feet  thick ;  and  upon  this  a  solid  wall  of  coursed  ashlar 
amsonry,  the  external  and  internal  faces  of  which  were 
0xeeuted  in  grtanie^  with  rubble  \ie«E\m^>  -^^^  ^t^c^tAd  as 
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shown.  The  top  of  the  sea  slope  is  covered  with  large 
loose  blocks,  and  at  the  extremities  of  the  wings  it  is  further 
protected  by  immense  artificial  blocks  of  about  40  tons  weight 
each,  formed  of  rubble  set  in  Roman  or  Portland  cement. 

The  breakwater  of  Plymouth  is  formed  in  a  bay  sheltered 
on  three  sides  by  land  rising  to  a  considerable  height,  and 
only  open  to  the  south.  Several  banks,  or  natural  reefs  of 
rocks,  exist,  between  which  and  the  shore  there  were  three 
principal  passes  towards  the  east,  the  west,  and  in  the  centre. 
The  breakwater  is  erected  upon  the  banks  situated  the 
nearest  to  the  interior  of  the  harbour,  and  closes  the  centre 
passage ;  the  banks  situated  more  towards  the  open  sea  serve 
to  break  the  fury  of  the  waves  before  they  arrive  upon  the 
breakwater. 


Fig.  218.~Pl7m(nith  Breakwater. 

The  main  body  of  the  breakwater  is  placed  perpendicu- 
larly to  the  S.S.E.,  from  which  quarter  the  severest  storms 
assail  the  Plymouth  Boads.  The  total  length  is  1,700  yards, 
of  which  the  rectilineal  central  part  occupies  1,000  yards, 
and  the  two  arms,  forming  on  either  side  angles  of  about 
186°  with  the  centre,  occupy  respectively  850  yards  each. 
A  surface  of  about  1,120  acres  is,  by  means  of  this  work, 
rendered  available  for  large  vessels. 

Originally  it  was  intended  to  make  the  width  of  the  top  of 

the  breakwater  only  11  yards,  and  that  of  the  bottom  about 

65  yards  ;  but  during  the  execution  of  the  works  the  width 

oiihe  top  has  been  increased  to  15  yards,  and  that  of  the 

bottom  to  188  yards.    At  ihele^el  of  the  low  water  at  spring 

iides  B  Bet'OS  22  yards  in  "wiMi  \b  iotm^^,  wi\  V^^  ^^^^ 
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from  this  point  upwards,  on  the  sea  side,  are  paved  with 
Urge  stones,  4  feet  by  8  feet  6  inches,  by  aboat  8  feet  thick, 
laid  with  an  inclination  of  5  base  to  1  height  and  bedded  in 
Boman  cement ;  and  it  is  proposed  to  continne  this  paving 
below  the  lowest  water  line  by  means  of  the  diving-bell.  The 
height  of  the  crown  of  the  breakwater  is  only  2  feet  above 
the  level  of  high  spring  tides. 

It  appears  to  be  beyond  question  that  the  long  slope  of  the 
Plymouth  Breakwater  is  less  exposed  to  be  injured  by  the 
violent  shocks  of  the  sea  than  the  vertical  wall  of  the  Cher- 
bourg Digue ;  but  at  the  same  time  it  is  equally  beyond 
question  that  the  latter  destroys  far  more  effectually  the 
agitation  and  undulation  of  the  open  sea,  and  offers  a  greater 
resistance  to  their  transmission  into  the  inner  harbour, 
because  the  waves  in  Plymouth  Sound  during  violent  storms 
break  over  the  slopes,  whilst  at  Cherbourg  all  their  effect  is 
destroyed  by  the  wall.  In  the  latter  case,  however,  the 
descending  motion  of  the  return  wave  is  materially  interfered 
with.  The  vertical  wall  at  the  top  of  the  long  slope  trans- 
forms it,  in  fact,  into  a  horizontal  motion,  whose  velocity  is 
highly  dangerous  to  the  stability  of  the  foundation  of  the  wall. 
It  is  also  found  that  the  large  blocks  of  stone  detached  from 
the  outer  slopes  are  driven  against  the  outer  face  of  the 
wall  with  extraordinary  violence  during  great  storms, 
whilst  upon  the  long  paved  face  of  the  Plymouth  Breakwater 
the  waves,  not  meeting  with  any  abrupt  resistance,  break  in 
precisely  the  same  manner  upon  the  incline  that  they  would 
do  upon  a  natural  shore,  and  with  a  considerably  diminished 
degree  of  violence.  It  is  true  that,  in  consequence  of  this 
form,  they  acquire  an  increased  horizontal  velocity  in  their 
original  direction ;  but  as  the  top  of  the  slope  is  rendered  as 
smooth  as  possible,  there  are  no  salient  points  in  the  masonry 
able  to  attract,  as  it  were,  the  destructive  action  of  the 
waves.  Notwithstanding  the  precautions  observed  in  the 
execution  of  the  top  slope  oi  tiie  bTOok'vt^Vj^T^SX  >&  V^  "c^^ 
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means  of  rare  occurrence  that  blocks  weighing  from  2  to  5 
tons  are  carried  over  from  the  sea  to  the  land  side ;  and  in 
February,  1848,  considerable  damage  was  caused  to  the  upper 
parts. 

The  breakwater  in  Delaware  Bay  was  designed  not  only  to 
form  an  artificial  roadstead  sheltered  from  the  effects  of  the 
prevailing  winds,  but  also  from  the  drift  ice  brought  down 
occasionally  in  large  quantities  from  the  upper  parts  of  the 
Schuylkill  and  Delaware  Rivers.  It  was  also  contemplated 
that  the  port  thus  created  would  rather  be  a  place  of  refuge 
for  ships  bound  coastwise,  than  it  would  become  a  touching 
port  for  vessels  dropping  down  the  river.  In  consequence  of 
these  local  circumstances,  the  works  for  the  shelter  of  the 
roads  consist  of  a  breakwater  and  what  may  be  called  an 
ice-break.  The  breakwater  itself  is  in  a  straight  line,  in  a 
direction  W.N.W.  toE.S.E.,  and  of  a  total  length  of  1,000 
yards  measured  upon  the  line  of  high  water,  leaving  a 
channel  of  about  1,000  yards  in  width  between  its  E.S.E. 
extremity  and  the  main  land.  At  a  distance  of  555  yards 
from  the  W.N.W.  extremity,  the  prolongation  of  the  line  of 
the  inner  slope  of  the  breakwater  meets  the  line  of  the  inner 
slope  of  the  ice -break,  forming  with  it  an  angle,  towards  the 
shore,  of  146°  15'.  From  the  point  of  intersection,  the  line 
of  the  ice-break  is  carried  respectively  272  yards  W.  by  S., 
and  228  yards  E.  by  N.,  making  a  total  length  of  about  500 
yards,  with  a  clear  passage  of  850  yards  between  it  and  the 
main  breakwater. 

The  space  thus  sheltered  has  an  area  of  about  ith  of  a  mile, 
so  far  as  the  waves  raised  by  winds  from  the  N.W.  to  the  E., 
passing  by  the  N.,  are  concerned  ;  and  a  space  of  is^ths  of  a 
square  mile  so  far  as  those  caused  by  winds  from  the  N.W.  to 
the  £.  (by  the  N.)  are  concerned ;  and  in  both  cases  the 
i&inimum  depth  so  sheltered  is  24  feet.  The  area  of  sheltered 
road,  with  a  minimum  dep^  of  IB  feet,  is  about  iVths  of  a 
square  mile.     The  tides  in  this  \oc«&\iN  vix^WV  l^^^^>  W  >2si^ 
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avenge  range  of  the  neap  tides  is  abont  4  feet  8  inches,  and 
that  of  the  equinoctial  spring  tides  about  7  feet  6  inches ; 
whilst  the  greatest  range  that  has  been  noticed  has  never 
exceeded  8  feet  10  inches  vertical. 

The  transverse  section  of  the  breakwater  was  made  as  fol- 
lows : — The  inner  slope,  towards  the  harbonr,  was  formed  at 
an  angle  of  45°  with  the  horizon  ;  the  top  was  made  80  feet 
wide,  and  at  6  feet  4  inches  above  the  level  of  the  highest 
spring  tides.  The  onter  slope  was  carried  down,  with  an 
inclination  of  8  base  to  1  in  height,  to  a  depth  of  about 
19  feet  from  the  highest  spring  tides,  and  from  thence  to  the 
bottom,  at  an  angle  of  46°.  The  mass  of  the  work  between 
the  sea  bottom  and  a  horizontal  plane  passing  at  6  feet  below 
the  lowest  i^ing  tides  was  formed  of  Btones  weighing  from 


BnBkwBter,  Delswue  Biy. 


i  to  2  tons,  and  the  slopes  covered  with  blocks  of  from 
2  to  8  tons  minimnm  weight.  Between  this  point  and  the 
plane  corresponding  with  the  lowest  spring  tides,  the  body  of 
the  work  wag  executed  in  stones  weighing  from  |  to  2(  tons, 
protected  externally  by  blocks  weighing  3  tons  each  at  least ; 
and  the  upper  portion  was  formed  exclusively  of  blocks 
weighing  from  4  to  5  tons,  laid  as  regularly  as  possible,  the 
slopes  being  covered  with  the  largest  blocks,  laid  as  headers. 
Thebreakwater  of  Cette,  Fig.  21S,  is  principally  remarkable 
on  account  of  the  great  height  to  which  it  is  carried  above  the 
highest  water  line  ;  this  is  not  less  than  19  feet.  The  total 
length  is  about  514  yards,  and  the  outline  on  plan  is  convex 
towards  the  open  sea.  Dnring  its  execntion,  observations 
were  made  from  which  it  may  be  mteited  ^hah.'C&ft  cJ3ue.'uks& 


3b2  THE   RUDIMENTS   OF   CIVIL   ENOINBBRINO. 

nndermining  of  the  suid  upon  which  this  breaJcwater  wsb 
ooDstncted,  so  long,  at  least,  as  the  transTerse  profile  waa 
made    very    steep    towards    the 
open  sea,  would  indioate  a  danger 
of  Boperindncing  a  groand-BWell 
highly  injarions  to  ike  parmanent 
solidity  of  the  works,  unless  the 
sea  slope  in  similar  oases  were 
carried   oat  at  once  to  the   foil 
width.     It  is  also  serionsly  qnes- 
tioned  by  the  pilots  resorting  to 
this  harbour,  whether  the  break- 
water does  not  materially  assist 
.  tiie   natnral  tendency  to   silt  np 
J  which  BO  strongly  marks  this  and 
fi~  several  other  ports  of  the  Medi- 
I  terranean, 

\      The  breakwater  nponLakeErie, 
i*  Fig.  216,at  the  entrance  ofthe  port 
I   I  S  of  Boffalo,  in  the  State  of  New 
*  ^  York,  is  constmcted  with  nearly 
as  much  solidity  as  similar  works 
npon   the   shores   of    the  ocean. 
Its     length   is    484    yards    in   a 
straight  line  ;  the  platform  at  the 
level  of  the  first  set-off  is  18  feet 
wide,  and  5  feet  above  the  water- 
line  in  the  interior.     A  wall  B  feet 
high  is  carried  np  above  this  plat- 
form, and  beyond  this  a  gentle 
slope  of  abont  8  base  to  1   in 
height  is  carried   down    to    the 
bottom  of  the  lake.    Towards  the  port  the  face   of  the 
Anwiinifer  is  porpendioolar,  e.n4  \li8  Aetended  from  being 
hf/arad  by  ressels  lying  alongnie  ifc  M  gowi-'Si^*  4xww>.\n. 
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eveiy  6  feet  apart.  A  row  of  sbeetiog  piles  is  driven  upon 
the  external  edge  to  protect  it  &om  the  effects  of  the  gronnd- 
sweli ;  the  m&ss  of  the  breakwater  is  ezacated  in  loose  mbble 
masonij. 

In  addition  to  what  has  already  been  said  with  respect  to 
the  precautions  requisite  to  be  observed  in  the  eonstmction 
of  piers  and  breakwaters,  it  is  important  that  the  lower 
eonrses  of  the  masonry  be  covered  by  the  ancceedlng  conrses 
as  rapidly  as  possible,  not  only  to  enable  them  to  resist  the 
direct  action  of  the  waves,  bat  also  the  syphonic  action  of  the 


Fig.  ais.— BnakwaUr,  Ia]»  Erla. 


water  driven  into  the  joints.  For  the  latter  reason  also  it  is 
important  that  the  joints  between  the  stones  be  esecnted 
with  the  most  energetic  cements,  and  be  made  to  fit  very 
closely.  If  the  hearting  be  executed  with  small  stones,  the 
inequality  between  its  rate  and  degree  of  compression  is  likely 
to  give  rise  to  hollow  chambers,  which  facilitate  this  syphonio 
action ;  and  it  appears  therefore  indispensable  to  introdnoe  a 
greater  or  less  ntunber  of  horizontal  bond  eonrses,  according 
to  the  nature  of  the  materials  employed. 

Experience  also  appears  to  show  that  it  is  safer  to  raise  the 
masonry,  in  sach  positions,  to  its  fall  height  partially  at  once, 
rather  than  to  endeavonr  to  carry  it  np  regnlarly  thonghoat 
the  whole  length,  in  order  that  the  snperincombent  weight  of 
the  upper  eonrses  may  assist  in  maintaining  the  lower  ones  in 
their  places.  This  precaution  is  peculiarly  necessary  when  the 
walls  have  reached  the  mean  level  of  the  sea,  at  which  ^oiui 
the  waves  act  with  the  greatest  efCoot.    In  bqI^^  TaaKoui^~v&' 
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these  positioDS,  the  rapid  setting  of  the  cements  or  mortars  is 
a  condition  of  vital  importance  ;  and  it  is  also  necessary  that 
only  snch  materials  of  either  of  these  classes  he  employed » as 
allow  of  heing  prepared  for  use  with  salt  or  fresh  water 
indifferently. 

[Breakwaters,  like  sea  defences,  are  to  he  constructed 
with  reference  to  the  conditions  of  the  site.  In  profde  and 
constmction,  breakwaters  are  of  three  types : — ^A  mass  of 
small  rabble  with  varying  slopes,  and  paved  at  the  top, 
as  Plymouth  breakwater  ;  a  rabble  mound,  with  a  built-up 
pier  founded  on  the  summit ;  a  wall  upright,  or  nearly  so, 
brought  up  from  the  bed  of  the  sea.  Engineers  have  been 
too  much  in  the  habit  of  ignoring  principles  in  the  designing 
of  breakwaters,  yielding  an  unqualified  obedience  to  ^*  cir- 
cumstances,'* according  to  what  Mr.  Hawkesley  calls  the  ''rule 
of  thumb  and  scowl  of  brow  **  system.  Jt  is  better  not  to 
affect  self-abasement  on  points  of  principle,  for  a  lack  of 
command  of  principle  signifies  a  lack  of  command  of 
practice.  Mr.  Abemethy  justly  remarks  that,  although 
local  circumstances  may  vary,  the  hydraulic  laws  which  regu- 
late the  motion  of  waves  are  fixed  and  immutable,  and  that  a 
definite  conclusion  can  be  arrived  at  as  to  the  best  form  of 
breakwater  for  the  deep-water  oscillating  wave  and  for  the 
shoal-water  wave  of  translation  or  percussion.  The  variety 
of  opinion  applies  mostly  to  the  degree  and  extent  of  slopes, 
and  to  the  relative  merits  of  slopes  and  vertical  walls. 
Long  rubble  slopes,  say  of  7  to  1,  between  the  levels  of  high 
water  and  low  water,  which  convert  the  deep  water  oscilla- 
ting wave  into  a  wave  of  translation,  is  an  error  of  construction, 
not  only  with  respect  to  original  cost,  but  also  as  to  the  cost 
for  maintenance  in  the  future.  The  long  seaward  slope  is 
exposed,  not  only  to  the  percussive  action  of  the  waves  of 
iroDslatioD,  but  also  to  tbe  recoVL  oi  the  sea,  or  back  draft, — 
what  saUotb  call  the  "  undertow''  oitVe  ^we.   'IV^  ^SS.^^\» 
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of  such  constant  action  mast  be  the  conversion  by  attrition  of 
the  face  on  the  seaward  side  into  a  mass  of  bonlder  stones. 
After  a  storm,  the  stones  would  be  disturbed  and  drawn  out, 
and  the  slope  lengthened.  To  preserve  this  portion  of  the 
work,  it  would  be  requisite  to  pave  it  with  massive  ashlar 
pitching ;  but  then,  again,  the  waves  would  by  such  facilities 
for  translation  retain  still  greater  force  for  advancing  upon 
the  vertical  superstructure.  These  are  simple  ruling 
principles. 

Mr.  John  Murray  discusses  and  compares  the  designs  and 
costs  of  breakwaters  constructed  on  different  systems.  It 
is  generally  admitted,  with  respect  to  work  under  low  water, 
that  rubble-stone,  used  as  pierre-perdu  (literally  **  stone  at 
random "),  piled  up  from  the  bottom  of  the  sea,  remains 
stationary  until  it  arrives  at  a  level  of  12  feet  or  15  feet  under 
water ;  and  that  the  slopes  of  the  deposited  mass  of  broken 
stone  assume  an  angle  of  45°,  or  an  inclination  of  1  to  1. 
This  is  the  least  expensive  method  of  bringing  up  the  works 
around  the  coast  to  that  level,  as  is  readily  proved  by  com- 
parative estimates.  Mr.  Murray  takes,  for  example,  a  simple 
form  for  the  transverse  section  of  a  mole,  brought  up  from 
the  bottom  in  a  depth  of  6  fathoms,  with  a  spring-tide  rise 
of  16  feet,  according  to  three  systems  of  construction,  Figs. 
217,  218,  and  219.  The  coping  is  taken  at  10  feet  above 
high  water,  without  any  parapet.  The  thickness  of  the 
outer  wall  at  the  top  is  7  feet,  with  a  batter  of  8  inches  to  a 
foot ;  and  that  of  the  inner  wall  is  6  feet,  with  a  batter  of 
H  inches.     The  mole  is  40  feet  wide  at  the  top. 

To  bring  up  the  work  to  the  height  of  12  feet  below  low 
water,  as  shown  by  sectioning  in  Fig.  217,  in  freestone  set  in 
mortar,  by  means  of  the  diving-bell,  &c.,  there  would  be 
consumed  2,286  cubic  feet  of  freestone  work,  at,  say  2s.  6d., 
costing  £285  15s.,  and  57i  cubic  yards  of  rubble,  one-fifth 
being  deducted  for  interstices,  at  Ss.  6d.,  costing £10  Is.  5d. ; 
making  together  £295  168.  5d.    InVSie  %^q\A  <^*d&^>^^i^^x^ 

s 
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the  BnbBtraetare  cnDsiats  of  a  simple  deposit  of  mbble-stooe, 
allowing  a  berm  10  feet  wide  at  each  side  of  the  enper- 
straotare,  as  in  Fig.  218,  there  would  be  required  209t  cnbic 


jwids  of  nibble  filling,  dedacting  one-fifth  for  interstices,  at 
St.  6d.,  eoetiog  £86  IBs.  6d.  pei  Uneal  yard.     These  esti- 
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cost  of  the  upright  mole  wonld  be  considerably  augmeoted 
if  the  facing  of  the  walls  be  of  granite,  and  the  interior  filled 
with  level  courses  of  concrete  blocks,  the  system  of  construc- 
tion adopted  for  the  pier  at  Dover.  There  is,  therefore,  good 
ground  for  preferring  the  simple  rubble  deposit. 

Adding  the  cost  of  the  superstructure  of  the  simple  form 
shown  in  Fig.  218,  with  connecting  walls  from  low  water 
upwards,  6  feet  thick,  and  at  central  intervals  of  20  yards — 
estimated  as  £262  Gs.  per  lineal  yard — the  total  cost  of  the 
mole  would  be — 

£.    8.    d. 
Upright  from  the  bottom       ....    658    2    6  per  lineal  yard. 
On  a  rubble  stone  deposit  as  described    298  19    6  „ 

But  economy  may  be  still  further  promoted  in  the  con- 
struction of  breakwaters,  designed  as  such,  and  nothing  more  : 
dispensing,  wherever  it  is  possible,  with  skilled  labour,  and 
defending  the  sea-face  solely  by  masses  deposited  to  find 
their  own  slope,  and  of  sufficient  gravity  to  withstand  the 
action  of  the  waves.  As  the  action  of  the  waves  is  a 
maximum  at  the  surface,  and  diminishes  as  the  depth 
increases,  the  smaller  stones  should  be  deposited  at  the 
bottom,  and  the  largest  stones,  or  blocks  of  concrete,  towards 
the  top.  Moreover,  the  large  and  the  small  stones  should 
not  be  mixed,  for  small  pieces  of  stone  mixed  with  large 
rubble,  far  from  consolidating  the  work,  very  often  have  the 
efiect  of  facilitating  the  displacement  of  the  larger  masses. 
Stones  weighing  5  tons,  or  even  7  tons,  have  been  thrown 
out  of  place  in  consequence  of  small  stones  getting  under 
them  and  between  them,  and  keeping  them  in  motion  during 
storms.  Taking  a  minimum  depth  of  22  feet  under  low  water 
as  the  limit  of  the  injurious  action  of  waves,  the  nucleus, 
or  core  of  the  breakwater,  from  the  bottom  up  to  that 
level.  A,  Fig.  218a,  may  be  wholly  composed  of  thu:dr^\s^%% 
rubble,  comprising  stones  of  from  ^^ttxt^   tx:^>s^  ^^  ^ 

82 
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blocks  of  half  a  ton  in  weight.  On  this  may  be  laid  a  coat 
of  second-class  rabble,  b,  in  blocks  of  from  half  a  ton  to 
2  tons  in  weight,  which,  it  is  considered,  would  remain  sta- 
tionary np  to  a  level  12  feet  below  low  water.  Then  a 
stratum  of  first-class  rabble,  o,  from  2  tons  to  5  tons  in 
weight,  having  a  bench  or  berm  on  the  sea  side ;  to  receive 
the  upper  part  of  the  breakwater,  d,  consisting  of  blocks  of 
beton  or  concrete  of  from  20  to  25  tons  in  weight,  terminat- 
ing at  high  water,  capped  with  two  or  three  courses  of 
heavy  blocks,  to  a  height  of  10  or  12  feet  above  high  water, 
bonded  and  adjusted  by  manual  labour.  The  slopes  of  the 
section  Fig.  219,  proposed  by  Mr.  Murray,  are  1  to  1,  except 
for  the  seaward  side,  above  low  water,  which  is  2  to  1.  The 
quantities  and  cost  are  estimated  as  follows  : — 

145|  cubic  yards  third-class  rubble,  a  (deducting  ^  for  interstices). 


12U      »        i»    second    „        „        b           „ 
98f      „        „      first       „        „        c 

;$65$        .        .        .         .    at  4s.  6d.  .  £82    Ss 
2,668  cu.  ft.  concrete  blocks,  d, 
deducting  i  for  interstices,    at  8d.     .    80  12 

760         do.                do.        B,at9d.     .    28     2 

i 

i 
.  6d. 

0 
6 

>» 
per  lineal  yard. 

» 

190  18 
Use  and  waste  of  staging     .      .10    0 

0 
0 

200  18 

0 

This  sum  contrasts  favourably  with  the  estimate  costs  of 
the  other  structures.  Figs.  217  and  218. 

It  may  be  remarked  that  there  is  a  considerable  saving  of 
material  in  the  use  of  large  blocks  of  concrete  in  heaps,  by 
the  intersticial  vacancies  which  exist  between  them,  amount- 
ing to  one-third  of  the  gross  volume  of  the  heap.  The 
interstices,  besides,  are  useful  in  providing  a  passage  for  the 
waves,  and  at  the  same  time  breaking  their  force. 

French  engineers  have  highly  appreciated  the  advantages 

of  the  syBtem  of  constructioii  above  noticed.    The  new  mole 

AJgiera  was  at  first  consiiucled  ^YioW^  ol  W%^  W^^^^  ^t 
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concrete,  aboat  18  cubic  yards  io  volntne,  weighing  aboat 
25  tons  each,  in  water  averaging  60  feat  deep.  Bnt,  in 
ptolonging  the  mole,  ainco  1847,  a  lesB  costly  system  was 
adopted,  according  to  Fig.  219.     Small  rubble  was  deposited 


Mole  AlgietB. 


on  the  bottom,  np  to  a  level  88  feet  below  the  water  line, 
to  the  natural  slope  of  1  to  1 ;  so  economising,  to  a  great 
extent,  the  cost  for  the  snbstrncture.  Upon  this  base  the 
remainder  of  the  work,  consisting  of  blocks  of  concrete,  was 
deposited  to  a  slope  of  1^  to  1  on  the  seaward  side,  and  of 
1  to  I  landwards,  finishing  at  the  water  line  at  a  width  of 
40  feet.  The  cost  of  the  mole  amounted  to  £8C6  per  lineal 
yard. 

The  mole  of  La  Joliette,  Uarseilles,  in  85  foot  of  water, 
was  constructed  according  to  the  separate  system  of  rabble 
fonndatjon — separating  large  from  small  stones.  It  is  shown 
in  section  in  Fig.  220  ;  and  Fig.  221  is  a  diagram  showing  the 
method  of  construction.  The  core  a  is  a  mass  of  small 
stones;  n  is  a  layer  of  larger  stones  of  11  owt.  to  1^  tons  ; 
c  is  a  layer  of  stones  of  from  Xi  to  8^  tons ;  and  the  layer  d 
is  of  stones  of  firom  8^  to  8  tons.  The  hearting,  b'  and  b* 
is  composed  entirely  of  small  stones.  The  onter  face  is 
covered  with  blocks  of  concrete,  which,  when  deposited  in 
the  sea,  assumed  a  slope  of  1  to  1,  at  which  they  were  not 
disturbed  even  during  the  heaviest  gales.  Above  the  water 
line  the  blocks  were  laid  at  a  elope  of  2\  lo  1.  Ta%'&<:id£& 
were  composed  of  hydraulic  Ume  khQl  ^ba^  aa  uncnSwi  i"\a.  '^i» 
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proportion  of  one  part  to  two  parte  of  etoue.  The  stone  for 
the  blocks  was  broken  into  fragments  of  2  inches  in  dia- 
meter. They  cost,  in  mosses  of  10  cubic  metres,  20  franca 
per  cnbic  metre  deposited,  or  aboat  G^d.  per  cubic  foot. 
The  cost  per  block  of  26}  tons  weight  was  £B. 

The  quay  of  La  Joliette  is  60  feet  in  width,  formed  on  the 
mbble  deposit  and  paved  on  a  bed  of  concrete.  The  inner 
wall  of  the  quay  was  built  in  b^ton,  sunk  in  caissons,  which 


ilB-  S*l.— QiuT.  I*  Juli* 


rested  on  the  berm  of  the  rubble  deposit.  The  cost  for  the 
nibble  deposit,  including  the  external  coating  of  blocks  of 
concrete,  amounted  to  nearly  f  164  per  lineal  yard.  Add  for 
the  parapet,  with  ashlar  stone  dressings,  JE61  10s.,  and  the 
Bum,  say  £215  per  lineal  yard,  was  the  net  cost  of  the 
atrnctuTO  as  a  breakwater  simply.  The  additional  cost  of 
making  the  inner  aide  effecti've  aa  &  ftomiawi\fti  <\uay  was 
^44;  making  the  groaa  cost  £459  ^e,T  linesi  "swi. 
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Taken  broadly,  the  qnay  of  La  Joliette  has  evidently  been 
mnch  less  costly  than  the  mole  of  Algiers.  The  difference 
is  attributable  to  the  prevalence  of  rabble  work  in  La 
Joliette. 

The  only  instance  in  the  United  Eangdom,  so  far  as  the 
writer  is  aware,  in  which  large  blocks  of  concrete  have  been 
employed  for  the  defence  of  breakwaters,  is  that  referred  to 
by  Mr.  £.  £.  Stoney,  who  has  deposited  blocks  of  140  tons 
in  weight  on  the  foreshore  of  a  breakwater  on  the  south  side 
of  Dublin  Harbour.  The  foreshore  had  previously  been  con- 
structed of  large  blocks  of  granite,  weighing  from  6  tons 
downwards,  which  had  to  a  great  extent  been  comminuted 
and  gradually  washed  away.  He  replaced  the  stone  blocks, 
in  1862,  by  blocks  of  concrete  50  tons  in  weight,  which  had 
lasted  twelve  years.  But  one  of  the  blocks  was,  in  the 
winter  of  1878,  moved  over  a  distance  of  80  feet,  and  turned 
upside  down;  and  Mr.  Stoney  proceeded  to  lay  blocks 
of  the  weight  of  140  tons,  to  prevent  the  chance  of  dis- 
placement. 

The  essential  value  of  large  blocks  as  a  covering  for  long- 
slope  breakwaters,  and  of  the  separation  of  small  rubble  from 
large  rubble,  has  been  demonstrated,  by  contrast,  in  the 
experience  of  long- slope  breakwaters  protected  by  ordinary 
rubble.  The  breakwater,  or  pier,  at  Aldemey,  affords  an 
instructive  example  in  point.  It  was  conmienced  in  1847, 
and  completed  in  the  end  of  1864.  The  rise  of  spring  tides 
is  17  feet,  and  the  depth  at  low  water  increases  from 
45  feet  near  the  shore  to  188  feet  at  the  head  of  the 
pier.  The  total  length  of  the  breakwater  is  4,700  feet.  On 
a  long-slope  base  of  pierre-perdu — ^hard  stone  from  Mannez 
quarry — large  and  small,  the  superstructure  for  the  most  part 
consists  of  a  sea-wall  and  a  harbour  wall,  with  filling  in 
the  intermediate  space,  surmounted  by  a  promenade.  It 
was  constructed  with  a  few  modi&cat\OTL%  ol  ^\x^^\2^^  ^s^"^^ 
work  advanced.    The  last  2,000  feet  ^ece  ^oiA\rQ^HA^^<^  "^^ 
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sections,  Figs.  222  and  228,  to  the  second  of  nhicli  the  final 
length  of  66  feet  was  constrncted,  consUtnting  the  head 
of  the  pier.  It  had  been  found  that  the  mbble  stone  was 
not  distarbed  by  waves  at  a  greater  depth  than  12  feet  below 
low  water,  and  the  fonndations  of  the  enpeFstructare  were 
oarried  to  that  level.  The  qnay,  Fig.  222,  is  20  feet  wide, 
and  the  promenade  is  14  feet  wide,  making  together  a  width 
of  84  feet.  The  faces  were  built  with  a  batter  of  4  inches 
in  1  foot.    The  qnay  stood  6  feet  above  high-water  level, 


h>M.  mumt/nmHuSur* 


Tig.  123.— Aldeme?  BnakwMi 


and  the  promenade  was  10  feet  higher.  The  total  width  of 
the  foundation  was  fid  feet.  The  lower  courses  of  the  wbUb 
were  composed  of  Portland-cement  concrete  blocks,  &ced 
with  granite  on  the  seaward  side.  The  hearting  couBiBted  of 
solid  mbble  in  cement.  It  bad  been  intended  to  make  the 
rnbbh  moond  of  sncfa  a  form  on  each  side  of  the  snper- 
Btraotnre  as  shotild  remun  im&\B\.nt\ift&  Vi^  U\6  aea,  rising  ^t 
tiu  &ce  of  the  seaward  wall  to  Uie  AcnoV  al  W«  -««Nai  ,«iA  qiv 
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the  harbour  side  to  6  feet  below  low  water.  The  natural 
slopes  on  the  seaward  side  were  assumed  to  be  5  to  1,  from 
the  wall  to  a  depth  of  15  feet  below  low  water, changing  at 
that  depth  to  an  inclination  of  1^  to  1  carried  down  to  the 
bottom.  On  the  landward  side,  the  slopes  were  designed  to 
be  li  to  1  to  the  bottom,  except  a  short  length  of  less  incli- 
nation next  the  wall,  to  a  depth  of  9  feet  below  low  water. 
The  slope  on  the  seaward  side  was  altered  by  the  action  of  the 
waves  and  flattened  to  7  to  1,  and  in  deep  water  the  flatter 
slope  extended  to  a  depth  of  20  feet  below  low  water,  where 
the  sea  ceased  to  act  on  the  mass,  and  the  change  of  slope 
takes  place  to  a  steeper  inclination.  It  was  found  impossible, 
moreover,  even  with  the  large  quantities  of  rubble  deposited 
for  the  renewal  of  the  foreshore,  to  maintain  the  level  of  the 
mound  close  to  the  sea-wall  at  the  level  of  low  water.  The 
depression  of  the  surface  is  exemplified  in  Fig.  222,  where  the 
dot-line  indicates  the  original  surfiEice  of  the  mound.  The 
disturbance  extends  to  a  distance  as  much  as  80  or  90  feet 
from  the  seaward  wall,  at  the  maximum  depth,  20  feet. 
The  great  distance  and  depth  of  the  disturbing  action  are 
attributable,  no  doubt,  to  the  recoil  of  the  waves  from  the 
wall,  as  each  wave,  during  a  storm,  rises  to  a  great  height 
above  the  breakwater,  then  falls  and  rushes  down  the  slope 
to  the  mound,  opposing  an  overpowering  resistance  to  every- 
thing in  its  course,  till  it  rebounds  some  height  into  the  air 
on  meeting  the  next  wave,  at  a  distance  of  about  70  or  80 
feet  from  the  wall. 

Breaches  were  made  in  the  superstructure  at  various 
points — mostly  in  the  deeper  water.  The  rubble  was  dashed 
against  the  seaward  wall,  and,  no  doubt,  helped  to  open  the 
breaches.  The  superstructure  subsided  unequally  at  different 
portions,  longitudinally  as  well  as  transversely,  and  cracks 
and  openings  were  formed  in  the  interior ;  so  that  the  action 
of  the  water  entering  these  openings,  m  c^qt^xjsi^^'^^^  ^^ri^ 
the  con&ned  air,  under  the  preBBTue  oi  Vlaft^w^^^-*^^^^'^^ 
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producing  cracks.  That  sabsidence,  in  a  considerable  de- 
gree, should  have  taken  place  under  the  weight  of  the 
superstructure,  on  such  an  nnpreccdentedly  deep  base  of 
rubble,  might  have  been  expected.  The  settlement  amounted 
to  about  one-twentieth  of  the  height  of  the  mound,  though 
it  was  not  uniform.  At  the  head  the  superstructure  settled 
at  least  six  feet.  The  nature  of  the  settlement  is  illustrated 
by  Fig.  224. 

The  head  of  the  pier,  Fig.  225,  built  in  1864,  was  designed 
with  a  view  to  obviate  the  defective  features  of  the  body  of 


Fig.  224. — Aldemey  Breakwater :  Settlement. 


the  structure,  brought  in  evidence  by  the  experience  of 
years  whilst  the  work  advanced,  and  to  bestow  additional 
security  on  this  exposed  portion  of  the  work.  The  founda- 
tions of  the  superstructure  were  carried  down  to  a  lower  level 
than  those  of  the  preceding  portions :  for  22  lineal  feet  at 
18  feet  below  low-water  level ;  for  2  feet  at  21  feet  below; 
and  for  the  terminal  42  feet  at  24  feet  below  low  water.  The 
fooDdatioDB  were  also  carried  aoUdly  across  the  whole  width 
of  the  6r6Ak  water — a  widih  o{  65  toel  «X  V^i<^  \^^^— ^xd&Nam^  ^^ 
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being  oonstrneted  with  eeparate  walls,  front  and  back.  The 
aides  were  formed  with  a  batter  of  4  inches  in  I  foot,  termi- 
nating at  a  width  of  81  i  feet  at  the  qna3r  surface,  which  was 
finished  16  feet  above  high  water.  The  end  of  the  pier  is 
finished  sqnare,  a  form  which  was  adopt«d,  in  preference 
to  the  customary  semicircle,  for  greater  simplicity  of  work- 
manship, aod  to  facilitate  a  junction  for  an  extension  at  any 
fatnre  time.  The  facing  of  the  sides  and  the  end  consists  of 
nine  conrses  of  granite  headers,  8  feet  thick,  of  which  the 
fonr  uppermost  conrses  were  joggled  and  dowelled  together. 
The  backing,  for  80  feet  in  height,  consisted  of  blocks  of 


Fig.  ne.— AldenidT  Bmkmtn  :  Hflid  of  ths  Fisr. 

concrete  in  ten  courses.  The  upper  portion  of  the  [uer  was 
built  of  Mannez  stone  in  cement,  carried  np  to  the  promenade 
level ;  the  face-BtoQes  of  the  seven  lowest  courses  being 
dowelled.  Twelve  conrses  of  the  comer  qnoina  were 
further  secured  by  Iron  bars  and  diagonal  straps,  bolted  to 
the  masonry.  The  rubble  mound  was  finished  against  the 
faces  of  the  head,  at  a  level  of  16  or  16  feet  below  low  water, 
several  feet  lower  than  in  the  preceding  portions  of  the  pier. 
This  portion  of  the  work  has  stood  unshaken  on  the  mound. 
In  1872,  eight  years  after  it  was  built,  it  was  stated  that  the 
head^adcost  nothing  for  maintenance,  whilst  the  length  of 
1,400  feet  immediately  precetUng  bsA  \iftftTi  ^iia  lao*.  (.x^st^- 
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8176  to  maintain ;  and  it  was  estimated  that  at  least  25,000 
tons  of  large  stone  would  be  required  to  be  deposited  each 
year  in  order  to  maintain  the  sea- slope  of  the  mound,  and 
obviate  the  danger  of  undermining  the  superstructure,  since 
the  foreshore  had  already,  in  1872,  been  removed  by  the 
action  of  the  sea  to  a  depth  of  12  feet  below  low  water  in 
many  places.* 

The  total  cost  of  the  works  of  construction  and  main- 
tenance, extending  over  a  period  of  twenty-five  years, 
amounted  to  £1,274,200.  Of  this  sum,  £57,200  was  ex- 
pended in  repairs  of  damages  caused  by  the  sea  to  finished 
and  unfinished  work ;  leaving  the  net  cost,  £1,217,000,  at 
the  rate  of  £259  per  lineal  foot,  or  £777  per  lineal  yard, 
for  a  depth  averaging  probably  about  90  feet  below  low 
water. 

Another  instructive  example  of  the  characteristic  behaviour 
of  mixed  rubble  foundations  of  breakwaters  at  the  surface  of 
the  sea,  is  supplied  in  the  case  of  the  breakwater  at  Holyhead 
Harbour.  This  breakwater  consists,  like  that  of  Aldemey,  of 
a  mound  of  mixed  rubble  quartz- rock  from  an  adjoining  hill, 
upon  which  is  erected  a  substantial  stone  superstructure, 
finished  with  a  transverse  head,  carrying  a  lighthouse,  illus- 
trated by  the  frontispiece.  The  breakwater  is  7>860  feet  in 
length,  in  a  depth  of  water  averaging  40  feet  at  low  spring 
tides,  with  a  maximum  depth  of  55  feet.  Ordinary  spring 
tides  rise  17  feet ;  equinoctial  tides,  20  feet.  The  slope  of 
the  foreshore,  according  to  the  section.  Fig.  226,  is  12  to  1 
above  low  water,  and  for  a  foot  or  two  below  it,  where  it 
assumes  a  slope  of  5  to  1,  to  a  depth  of  10  or  12  feet  below 
low  water,  and  thence  about  2  to  1  to  the  bottom.  Landwards, 
the  slope  is  1^  to  1.  The  width  of  the  mound  at  low  water 
level  is  at  least  250  feet.  In  50  feet  of  water  the  width  at 
the  bottom  is  about  450  feet.     The  weight  of  the  nibble 

•  See  Mr,  Vemon-Harcourt'a  paper  on  KX^LBrasfj  "SaiVrar,  in  the 
jyoceedin^t  of  the  Institution  of  Civil  Eng\neer%,NoVixLm.\j,^^. 
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stone  in  bulk  is  1  ton  per  20  cubic  feet.     The  stone  was  de- 
posited from  a  temporary  wooden  staging. 

The  rabble  monnd  having  been  formed  and  consolidated 
by  the  action  of  the  sea,  the  superstructure  was  erected,  for 
the  foundation  of  which  the  rabble  was  excavated  to  the 
level  of  low  water.  The  principal  object  of  the  super- 
structure was  to  shelter  the  interior  of  the  harbour  and  to 
prevent  the  loose  deposit  from  washing  into  the  harbour. 
The  outer  wall  has  a  total  thickness  of  17i  feet  at  the  upper 
part,  with  a  batter  to  the  base  which  is  28  feet  wide.  The 
total  height  to  the  top  of  the  parapet  is  25^  feet  above  high 
water.  The  inner  wall,  distinct  from  the  outer  wall,  is 
formed  with  a  vertical  face  to  the  harbour,  and  is  8  feet 
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Fig.  226.— Holyhead  Breakwater. 

wide  at  the  base.  It  stands  10  feet  above  high- water  level. 
The  width  of  the  quay- way  is  40  feet,  and  the  total  width  at 
the  base  of  the  superstructure  is  64  feet.  The  hearting  con- 
sists of  rubble.  The  total  cost  of  the  breakwater  was  £168 
per  lineal  foot.* 

The  rubble  on  the  seaward  side  is  exposed  to  the  force  of 
the  waves  at  all  times  of  the  tide,  and  it  is  stated  that  it  is 
subject  to  shifting  and  drifting,  and  to  be  reduced  to  the  con- 
dition of  shingle.  From  the  ascertained  results  of  the  action 
of  the  sea  at  Alderaey,  this  effect  is  what  might  have  been 
expected.  The  flatness  of  the  exterior  slope,  12  to  1,  is  no 
doubt  much  below  the  angle  of  settlement  of  rabble  under 
the  action  of  sea  waves ;  and  this  consideration  may  have 

•  See  Mr.  Harrison  Hayter's  paper  on  H.o\^\i«BA'Qka3^^'«i\  "^<^ 
tf^ittft  of  the  Inttitutum  of  (7m<  JSn^ineers,  'vcJL  -xSirv.  ^.  ^^< 
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fonned  an  element  in  the  original  design,  in  the  anticipation 
that  therefore  the  rnhhle  would  not  he  disturbed.  It  is  on 
record,  nevertheless,  that  as  a  matter  of  fact  the  rubble  fore- 
shore has  been  in  some  places  washed  away  from  the  lower 
part  of  the  superstructure,  and  in  other  places  piled  up  to 
within  a  few  feet  of  the  parapet. 

Mr.  David  Stevenson  records  some  of  the  results  of  wave- 
action  on  the  superstructure  of  the  breakwater  at  Wick, 
where  it  was  exposed  to  the  force  of  the  waves  at  right 
angles  to  the  line  of  its  direction  in  about  80  feet  of  water. 
The  outer  or  exposed  part  of  the  breakwater  was  founded  on 
rubble  at  a  level  18  feet  below  low  water  of  spring  tides, 
and  was  carried  up  to  the  level  of  11  feet  above  high  water, 
where  it  was  43  feet  in  breadth.  The  upper  work  was  car- 
ried away  during  a  storm,  in  which  the  waves  were  esti- 
mated at  42  feet  depth  from  crest  to  hollow.  Stones  of 
8  tons  and  10  tons  weight  were  carried  over  the  parapet  and 
lodged  on  the  roadway  of  the  breakwater.  The  experience 
gained  at  Wick  proved  beyond  question  that  these  waves  did 
not  affect  the  foundation  of  the  walls  at  18  feet  below  low 
water,  all  the  damage  having  been  confined  to  the  super- 
structure, and  extending  to  about  10  feet  under  low  water. 
Below  this  level  the  work  remained  unharmed.  As  a  pro- 
tection against  further  damage  to  the  end  of  the  breakwater, 
it  was  resolved,  in  1871,  to  construct  a  head  by  depositing 
cement  blocks  on  the  rubble  base  as  a  foundation  for  three 
courses  of  large  flat  stones,  surmounted  by  a  monolith  of 
cement  rubble  built  on  the  spot,  as  in  Fig.  227.  A  course, 
b  by  of  100-ton  cement  blocks  was  laid  on  the  rubble  ;  on 
these,  two  courses  of  80-ton  cement  blocks,  a  a,  were  laid. 
On  these,  three  courses  of  large  flat  stones  were  set  in  cement, 
surmounted  by  a  monolith  of  cement  rubble  26  feet  by 
4S  feet  long,  by  11  feet  deep,  weighing,  at  16  cubic  feet 
per  ion,  about  800  tons.  It  waa  alW^v^d.  Ic^  the  uppermost 
cement  bloeka  by  8i-incli  iron  tcAa,  ^\im^  ^«.%^^  ^^axww^ 
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boles  cut  in  the  flat  stones,  and  were  embedded  in  the  con- 
crete at  each  end.  The  whole  of  this  united  masB,  indicated 
in  the  figare  hy  tinting,  weighing  together  1,860  tons,  was 
carried  off  hodily  by  the  waves,  slewed  round  by  encceeeive 
strokes,  until  it  was  Anally  removed  and  deposited  at  the 
iunerside  of  the  pier.  The  lower,  or  foundation  oourse  of 
100-tou  blocks,  b  b,  laid  on  the  rabble,  remained  unmoved; 
but  the  second  coarse,  a  a,  was  swept  off  after  having  been 
relieved  of  the  anperincnmbent  weight.  The  head  was  restored 


Fig.  tai.—VUJk  BmJnroUr. 


by  the  construction  of  a  mass  of  united  concrete  masonry, 
weighing  2,600  tons.  "  Whether  or  not  the  billows,  known 
locally  as  tbe  '  wild  rollers  '  of  Wick  Bay,"  said  Mr.  Steven- 
son in  1876,  "  wonld  leave  this  mass  of  masonry  undis- 
turbed, remains  to  be  seen."  Tbe  huge  mass  did,  as  a  fact, 
remain  undistarbed  for  tbreo  years  ;  but  in  January,  1877, 
it  was  carried  bodily  away,  having  been  moved  to  within  the 
line  of  the  breakwater,  where  it  lies  ia  tvo  \|\m«a. 
Biv^ynten  eossieting  of  k  combuuiVLOu  ol^ioiia^c  S.-tui».^% 
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and  rubble  stone  have  been  constructed  on  flat  sandy  shores. 
To  such  situations  alone  they  appear  to  be  adapted,  as  they 
must  be  deficient  in  strength  or  durability  for  deep  water 
exposed  to  the  violent  action  of  waves.  Timber  is  a  con- 
venient material  for  making  barriers  against  the  sea  if  used 
in  suitable  situations.  The  Yarmouth  pier  is  protected  by 
the  sands  in  the  offing.  Most  of  the  Dutch  piers,  like  those 
of  Boulogne  and  Calais,  and  several  on  the  English  coast, 
are  timber  erections.  But  none  of  them  are  deep-water 
piers. 

Two  forms  of  breakwater  of  this  class,  Figs.  228  and  229, 
were  adopted  by  Mr.  Abemethy  for  the  protection  of  the  Port 


Fig.  228.        Breakwaters  with  timber  framing.        Fig.  229. 


of  Blyth.  Frames,  consisting  of  a  sole  piece  and  two  uprights, 
one  of  which  is  strutted  with  crossbearers,  or  half  balks,  to 
carry  the  roadway,  are  placed  at  intervals  of  10  feet,  and 
tied  together  longitudinally  by  walings  and  by  open  planking. 
The  space  thus  comprehended  is  filled  with  rubble  stone. 
Crossbearers  at  the  upper  part  carry  the  roadway,  also  of 
planking.  The  second  design.  Fig.  229,  was  adopted  for  the 
further  and  more  exposed  portion  of  the  breakwater.  The 
timber  was  creosoted.  At  low  water  portions  of  the  site  are 
nearly  dry,  but  there  are  5  or  6  feet  of  water  at  the  head.  At 
high  water,  there  is  22  feet  depth  of  water.  The  cost,  in- 
cJading  that  of  the  round  end  and  the  lighthouse,  amounted 
to  £11  per  iineal  foot. 
Mr,  D.  Miller  recommeiide&  ft  tr%sa^^  «^%\«oi  ol  twis^x^^- 
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lion  for  piers  and  breakwaters.  The  framework  is  of  iron, 
formed  of  piles  or  standards,  and  ties ;  and  serves  as  the 
staging  for  all  the  constructive  operations,  and  remains  as 
an  essential  part  of  the  work.  It  binds  together  a  strong 
casing  of  stone  or  other  sufficiently  durable  material,  which 
encloses  and  forms  the  facing  of  the  breakwater,  the  interior 
being  filled  with  rubble  or  other  cheap  materials,  which  may 
be  cemented  into  a  solid  mass  by  means  of  liquid  concrete. 
This  system  was  adopted  in  the  construction  of  the  docks  and 
quay  walls  of  the  Albert  Harbour  at  Greenock.  By  forming 
the  walls  under  low  water,  by  a  combination  of  cast-iron 
piles  and  stone  facings,  slid  down  over  and  enclosing  the 
piles,  and  of  concrete  backings,  the  work  was  commenced 
without  the  use  of  coffer-dams.  The  cost  of  the  outer  or  sea 
piers,  1,200  feet  long  and  60  feet  wide,  was  estimated  at 
£68,000,  being  at  the  rate  of  £53  per  lineal  foot. 

Crib- work,  as  it  is  called,  is  much  practised  in  the  con- 
struction of  breakwaters  at  the  lake  harbours  in  America. 
Cribs,  Fig.  280,  are  frames  constructed  of  timber,  from 
80  feet  to  50  feet  in  length,  at  least  20  feet  wide  even  in 
the  shallowest  water,  and  never  less  in  width  than  the  total 
height  from  the  foundation  to  the  platform.  The  platform 
rises  at  least  5  feet  above  the  high- water  level  of  the  lake. 
The  bottom  is  grilled  or  grated,  of  timber.  The  timbers  are 
12  inches  square,  except  for  the  lowest  course,  in  which  they 
are  12  inches  by  18  inches.  The  cribs  are  built  in  still 
water  to  a  height  somewhat  greater  than  the  depth  of  water 
on  the  intended  site  of  the  pier.  They  are  then  towed  to 
their  places  in  succession  on  the  line  of  the  pier,  from  the 
shore  outward,  joining  end  to  end.  When  a  crib  is  in  posi- 
tion, it  is  weighted  with  stone  until  it  touches  the  bottom, 
when  it  is  filled  level  with  the  top.  When  the  cribs  have 
settled  down,  the  framing  is  raised  to  a  height  of  5  or  6  feet 
above  high  water,  and  filled  up  with.  B\iOii^.  ^\i'b\^\X«^TQL\^ 
dredged  oat  to  a  level,  when  leveling  \b  n^^i^^'^wr^  ^^i^*^^"^^ 
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receiving  the  cribs.  When  the  cribs  hare  finally  settled 
they  are  levelled  up  by  the  application  of  wedge  pieces,  when 
lougitndbal  planking  is  laid  to  form  the  roadway.  It  is 
nsual  to  place  a  crib  of  larger  size,  80  or  82  feet  square,  at 
the  end  of  the  breakwater.     The  behaviour  of  the  cribs  is 


Fig.  iSO.— BrealnniMt  of  Crib-work 


occasioDBlly  troableaome,  particnlarly  on  quicksands,  throngh 

which  they  have  been  known  to  settle  down  till  they  reached 

a  b&rd  bottom.     When  placed  on  a  mound  of  mbble  in  the 

£rBt  instance,  scouring  action  &ocn  iiq\.  ^«!u  V^iaa,  uid.  they 

Bettle  in   the  poBitionB  first  tsb^Qii  u?.    "Qia  6^aHi»S*&.  laa*. 
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of  con8tni.ctmg  and  sinking  a  crib  60  feet  by  80  feet  by  80 
feet,  in  24  feet  of  water,  at  Chicago,  amounted  to  £31  10s. 
per  lineal  foot. 

The  elaborate  network  of  framing  employed  in  the  inland 
waters  of  America  for  holding  the  rubble-stone  hearting  of 
breakwaters,  contrasts  forcibly  with  the  widely  arranged 
framing  of  European  breakwaters  of  timber  and  stone,  typified 
at  Blyth  Harbour  : — indicating  two  things — plenty  of  timber, 
and  a  perception  of  the  necessity  for  greatly  subdividing 
loose  material  like  rubble,  in  order  thoroughly  to  fix  it  and 
hold  it  by  open  framework. 

It  has  been  seen  that  concrete  manufactured  into  blocks  of 
great  size  and  weight  has  been,  with  great  advantage,  em- 
ployed in  the  construction  of  the  substructure  of  breakwaters 
and  piers,  in  the  capacity  of  jnerre-perdu  or  in  heaps.  In 
such  a  capacity  it  serves  in  an  admirable  manner,  by  its 
saliencies  and  irregularities,  to  break  up  the  masses  of  waves 
and  to  disperse  and  exhaust  their  energy.  It  has  also  been 
seen  that  blocks  of  concrete  have  been  employed  and  laid  in 
regular  courses,  in  the  construction  of  the  superstructure  of 
such  works,  where  blocks  of  a  magnitude  and  weight  far 
exceeding  those  of  the  largest  blocks  of  stone  have  been  pre- 
pared and  deposited. 

The  use  of  concrete  in  the  construction  of  sea-walls  was 
resorted  to  centuries  ago,  as  may  be  seen  at  the  ports  of 
Genoa  and  Leghorn.  The  quay-wall  was  divided  into  com- 
partments, the  space  was  lined  with  canvas ;  and  white  lime, 
which  was  obtained  in  the  district,  was  mixed  with  puz- 
zuolana  only, — no  sand, — and  passed  through  water.  The 
first  announcement  in  modem  times  of  the  method  of  build- 
ing in  water  by  concrete  m  bags,  appears  to  have  been 
made  by  James  Frost,  of  Finchley,  who,  in  bis  patent  of  the 
year  1822,  states  that  **m  constructing  foundations,  and 
walls,  and  piers,  the  parts  of  whicVi  loo^  \>^  xm^^t  ^^\k^^^ 
mix  the  required  cement  "with  tlie  \)eioie-Txvwv^vyaft^  \i»s.^ 
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uid  durable  HabetanceB  I  enclose  the  compOBition  in  bags 
lowered  by  tackle  to  the  anrface  of  tbe  work  and  there  dis- 
pose them  in  a  regularly  stratified  manner  nhile  the  com- 
position IB  in  a  soft  state  and  will  take  the  tmpreBBion  of  the 
preceding  kjer  id  strata  and  thus  form  courses  of  a  well- 
embedded  conglomerate  rock. 

Mr.  P  J  Messent  commenced  nsmg  concrete  in  bags 
placed  by  divers  under  the  foundation  blocks  of  the  walls 
of  the  North  Pier  nt  Tynemouth  m  lS6d  and  in  1867, 
he  nsed  bags  of  concrete  for  the  repair  of  the  piera  £nt 
tbe  employment  of  the  system  of  depositmg  concrete  in 
bags,  in  the  general  constmction  of  works  under  water, 
appears  to  have  been  initiated  contemporaneoualy  by  Mr. 
W.  D.  Cay  of  Aberdeen  and  Mr  J  Barton  at  Qreenore,  in 
1870. 


BTMtarater  Alierdeen        Fig  aas 


The  New  South  Breakwater  at  Aberdeen,  Figs.  281, 232,  in 
section,  is  an  instmctive  example  of  Portland  cement  con- 
crete work  in  water.  It  is  1,060  feet  in  length,  in  a  depth 
of  water  of  22  feet  8  inches  at  the  head,  low-water  spring 
tides.  The  total  height  at  the  head  is  46  feet,  and  the 
breakwater  stands  II  feet  above  high  water,  with  a  rise  of 
tide  of  12  feet  9  inches.  At  the  section,  Fig.  231,  the  width 
at  the  top  is  80  feet,  and  at  the  section.  Fig.  232,  it  is 
85  feet;  the  batter  of  the  sides  is  1}  inch  to  1  foot. 
Tbo  ibtudadoDS  reBt  on  gi&m\A  locV,  oa  boulders  and 
gTKvei,  and  on  day  nuxed  mtti  gtasA.    M^iia  &*  ^ismA.^ 
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which  was  cleared  of  loose  stones  and  sand,  a  layer  of  bags 
of  concrete  was  deposited.  The  bags  of  concrete,  each 
holding  5  tons,  were  lowered  in  wrought-iron  skips,  the 
bottoms  of  which  were  on  hinges,  and  were  opened  to  letfallthe 
bags  when  they  were  brought  into  position.  Each  bag  was 
flattened  out,  and  when  it  stood  too  high  it  was  beaten  down ; 
or,  if  partially  set,  cut  down.  Small  holes  in  the  surface 
were  filled  with  bags  deposited  by  hand.  The  proportions 
of  this  concrete  were,  1  of  cement,  2^  of  sand,  and 
8i  of  gravel. 

For  a  length  of  868  feet,  extending  to  low  water  and  to 
the  outer  edge  of  the  rocky  foreshore,  the  breakwater  was 
built  of  liquid  concrete  deposited  in  place  in  frames  or  cases. 
The  upper  portion  of  the  breakwater,  for  a  depth  of  18  feet, 
was  likewise  constructed  of  liquid  concrete  to  the  head  of 
the  breakwater.  Each  piece  of  concrete,  as  laid,  extended 
completely  across  the  breakwater,  and  the  lengths  of  pieces 
were  from  8  feet  to  81  feet,  making  pieces  weighing  from 
885  tons  to  1,800  tons.  In  the  construction  of  the  larger 
pieces,  blocks  of  concrete  were  thrown  into  the  mass.  The 
concrete  was  composed  of  4  of  sand,  and  5  of  gravel,  to  1  of 
cement. 

From  the  bag- work  in  the  foundations  up  to  1  foot  above 
low  water  of  neap  tides,  where  the  liquid  concrete  work  just 
described  was  commenced,  the  work  was  composed  of  blocks 
of  concrete  4  feet  high  and  usually  6  feet  wide,  weighing 
from  10^  tons  to  24  tons.  The  composition  of  these  blocks 
was  the  same  as  that  of  the  cement  just  described.  Large 
rough  pieces  of  broken  stone  were  incorporated. 

An  apron  of  concrete  was  placed  along  the  seaward  side 
of  the  foundations,  consisting  of  15  bags  of  concrete,  contain- 
ing 100  tons  each,  to  obviate  the  chance  of  damage  from 
undermining  by  the  sea. 

The  work  was  commenced  in  1869,  and  com^ki^d.^  ^^r^2^ 
a  hghihottse,  in  1878.    The  net  loleX  <io%V/\ii^Ti^vcL%  "^^ 
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charge  for  plant  and  aea-etaging,  amonnted  to  £68,000,  being 
at  the  rate  of  £65  per  lineal  foot.* 

For  the  propoeed  extension  of  the  north  pier  at  Aberdeen, 
shown  in  section,  Fig.  2S8,  the  fonndation  is  of  sand,  with 
solid  gronnd  at  a  depth  of  7  feet.  The  portion  under  water 
up  to  3  feet  above  low  water  was  to  be  formed  of  bogs  of 
liquid  concrete,  each  holding  50  tons.  A  wide  platform  of 
these  bags  was  first  to  be  laid  as  a  foundation,  and  left  to 
settle  in  the  sand.  On  this  platform  bags  were  to  be  de- 
posited so  as  to  bring  the  enrface  above  low  water.     On  this 


Fig.  fiSS.-'BmkwataT,  AbordeoD :  Pnpoaed  Eileiiiion. 

surface  liquid  concrete  was  to  be  deposited  in  frames  in  pieces 
of  700  tons  each. 

The  apron,  consisting  of  heavy  masses  of  concrete  in  bags, 
forms  an  excellent  protection  for  breakwaters  in  shallow 
water,  where  there  is  not  depth  enough  for  ordinary  rubble 
stones  to  rest  in  security. 

In  the  breakwater  at  Enrrachee,  extending  from  Manora 
Point,  on  the  west  side  of  the  entrance  of  the  harbour,  de- 
signed by  Mr.  W.  Parkes,  is  to  be  found  a  novel  mode  of 
employing  large  blocks  of  concrete,  superposed,  in  a  longi- 

*  Bee  Mr.  W.  D,  Cay's  paper  on  tlua  bieakratoT  in  tlia  Prtettiiitfi 
^tit  IiutiMi»m  »/  Civil  Sngiimn,  \<A.  iw-ri^.  ^.\1ft. 
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tadinally  inclined  position,  for  the  construction  of  vertical- 
sided  breakwaters.  The  breakwater  is  1,503  feet  in  length, 
and  terminates  in  a  depth  of  30  feet  at  low  water.  The  style 
and  construction  of  the  breakwater  are  indicated  in  Fig. 
234.  The  base  is  a  bank  of  rubble  stone  laid  on  the 
natural  bottom,  levelled  off  for  the  most  part  to  16  feet  below 
low  water ;  but,  near  the  shore,  where  the  original  depth  is 
less  than  15  feet,  the  bank  is  levelled  to  10  feet  below  low 
water.  It  was  found  on  trial  that,  in  the  shallow  portions, 
where  the  rubble  was  heaped  up  to  the  level  of  low  water, 
it  was  lowered  by  the  waves  to  a  depth  of  from  7  to  9  feet. 
The  bank  was  formed  to  a  width  of  100  feet  at  the  level  of 
the  foundation,  two-thirds  seawards  and  one-third  towards 
the  harbour.  The  superstructure  was  composed  entirely  of 
blocks  of  concrete,  16  cubic  yards  in  bulk,  weighing  27  tons, 
consisting  of  sand,  shingle,  quarry  lumps,  and  Portland 
cement.  The  blocks  were  12  feet  by  8  feet,  by  4^  ifeet 
thick.  The  attachment  for  lifting  the  blocks  was  made  by 
means  of  two  lewises  passing  vertically  through  the  blocks. 
They  were  lifted  by  the  **  Goliath,"  a  steam  hydraulic  travel- 
ling crane  of  50  feet  span  ;  the  traverse  of  the  crane  was  40 
feet,  and  the  lift  was  3  feet  2  inches,  worked  by  an  8  horse- 
power steam-engine.  Each  block  was  transported  by  a  rail- 
way on  a  truck  drawn  by  a  tank  locomotive  to  its  place 
in  the  structure.  The  blocks  were  set  by  a  crane  called 
the  **  Titan,**  the  end  of  which  was  overhung  so  as  to 
carry  the  blocks  of  three  tiers  in  advance  to  their  places. 
The  blocks  were  placed  on  end  in  an  inclined  position ;  they 
are  three  deep  vertically,  and,  as  shown  in  cross  section, 
there  are  two  independent  rows  of  blocks  side  by  side,  mak- 
ing the  width  of  the  breakwater  24  feet.  The  lower  ends  of 
the  lowermost  blocks  were  bevilled  so  as  to  rest  with  level 
surfaces  on  the  mound.  The  work  was  commenced  in 
November,  1870,  and  completed  in  February,  1873.  The 
total  cost  of  the  breakwater  amo\m\ie&  \a  £»^*^^^^^^^^^^sws^ 


j, —  rt-o:-. 

i,-..  mc-i 

lit*.  134.— Uuion  BNalnnter,  KnnscbH. 

The  brealcwater  is  conBtanieted  u  two  independent  halves, 
divided  longitadinally,  &Il&\lm^^.'W<ft^lM.^«>1.\««^A^Ulat 
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signs  of  weakness  would  be  manifested,  more  particularly  as  the 
outer  half  rests  on  quicksand  and  the  inner  half  on  quicksand 
diversified  by  unyielding  masses  of  rock.  It  has  subsided  as 
much  as  8  feet  into  the  sand,  and  at  high  water  there  is  a 
depth  of  4  feet  of  water  over  the  breakwater,  yet  it  is  said  to 
be  perfectly  effectual  as  a  breakwater.  Such  a  structure  is 
scarcely  fitted  to  withstand  the  shocks  of  heavy  waves  of 
translation.  Its  weakness  has  been  demonstrated  by  the 
repeated  removal  of  blocks  during  storms,  and  the  necessity 
for  binding  together  the  blocks  at  the  head  by  chain-ties. 
Though  the  seas  at  Eurrachee  are  not  nearly  so  violent  as 
on  many  parts  of  the  coast  of  Great  Britain,  the  concrete 
blocks  appear  to  be  scarcely  sufficient  without  bond  to  with- 
stand the  force  of  the  waves  at  Kurrachee.  Nevertheless, 
by  the  absence  of  bond  horizontally  and  the  inclination  of 
the  blocks,  a  settlement  of  8  feet  was  admitted  without  dis- 
location of  the  superstructure.''' 

Mr.  Parkes  has  adopted  a  similar  design  for  the  construc- 
tion of  the  breakwater  piers  of  the  harbour  at  Madras,  in 
which  there  is  from  24  feet  to  42  feet  of  water.  A  base  of 
rubble  stone  is  formed  up  to  a  level  22  feet  below  low  water. 
From  this  level  to  8^  feet  above  high  water,  the  superstruc- 
ture is  built  of  blocks  of  concrete,  27  tons  weight,  regularly 
placed  by  means  of  a  Titan  crane,  in  the  same  manner  as 
was  adopted  by  Mr.  Parkes  in  the  formation  of  the  Manora 
Breakwater. 

The  extension  of  the  South  Jetty  at  Kustendjie  in  Turkey , 
designed  by  Mr.  Liddell,  was  constructed  of  inclined  blocks 
of  concrete  like  the  Kurrachee  Beakwater,  but  each  block 
extended  across  the  jetty  from  side  to  side,  and  the  blocks 
broke  bond,  as  shown  in  Figs.  285.  The  original  jetty, 
which  had  a  length  of  450  feet,  was  protected  by  a  mole 
of  pierre-perdu  and   blocks   of  concrete.      The   extension, 

•  See  Mr.  W.  H.  Prico*8  paper  on  the  Maaota  "&t«J3&w^kKt^\xi.^^ 
ProceeOiftgs  of  the  ImtUution  of  Civil  Engineer^y  voV  ilim.  '^.  V» 
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258^  feet  long,  was  conBtracted,  as  a  breakwater,  of  large 
blocks  of  concreto,  weighing  from  26  tons  to  34  tons  each, 
on  a  base  of  nibble  stone  The  blocks  are  in  inclmed  tiers 
of  four  blocks,  at  an  angle  of  48°  By  the  inclmalion 
adopted,  which  was  deternuned  experimentally  by  means  of 
a  model,  the  centre  of  gravity  of  each  block  was  thrown  in 
advance  of  its  base  in  the  direotioti  of  the  mclmation,  and  so 
obviated  any  tendency  of  the  blocks  that  might  otherwise 
have  existed  to  tip  forward  during  settlement  The  sapor- 
stractnre  is  IS  feet  wide  at  the  base,  and  12  feet  wide  at 
the  top,  with  a  batter  on  each  side  All  the  blocks  are 
6  feet  high  and  6  feet  vnde  The  work  is  laid  in  16  feet 
of  water,  and  rests  on  8  feet  of  rubble  The  rabble  is 
heaped  on  each  side  of  the  breakwater    The  top  of  the  work 
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is  11  feet  above  water.  The  blocks  were  made  of  1  part 
of  cement  to  2}  of  sand,  and  6i  of  broken  atone.  When 
two  or  three  days  old,  the  top  of  each  block  was  roughly 
dressed  to  a  straight  edge,  to  afford  a  fair  seat  for  the  one 
above  it  The  blocks  were  lowered  when  twelve  or  fourteen 
days  old.  The  topping  of  the  blocks,  which  brought  the 
jetty  np  to  the  11  feet  level,  was  done  in  lengths  of  26  feet, 
covering  four  tiers.  The  concrete  for  this  purpose  consisted 
of  6|  broken  stone,  2^  sand,  and  1  cement,  and  stones  of 
from  i  to  1  cnbio  foot  in  volume.  Each  length  of  topping 
weighs  200  tons. 
To  prove  the  stabilliy  of  the  blocks  alone,  without  any 
MiperiQoambent  load,  &V6  ti«i&  'wqtb  \«>l\.  ^ix.\n^^  for  a 
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whole  winter  exposed  to  heavy  seas.  None  of  them  was 
disturbed  or  moved  except  by  ordinary  settlement.  To 
secure  the  end  of  the  jetty  from  excessive  settlement,  the 
soft  bottom  at  the  last  seven  tiers  was  removed  by  dredging 
to  a  depth  of  fron^  8  feet  to  4  feet,  and  blocks  were  placed 
as  a  footing.  The  end  of  the  jetty  is  simply  rounded*  The 
natural  bottom  is  a  mixture  of  sand  and  mud  overlying  stiff 
yellow  clay,  and  the  weight  of  concrete  presses  down  the 
loose  stone  base.  The  blocks  have,  in  every  inst^ce,  settle^ 
vertically  without  disturbiiig  the  line  of  direction  ;  the  only 
effect  of  settlement  having  been  to  open  the  joints  of  the 
concrete  cap,  which  has  nowhere  given  way.  The  work 
was  commenced  in  1870,  and  finished  in  September,  1878.''^ 

The  two  structures  just  described  may  fairly  be  contrasted, 
and  it  -is  easy  to  discern  wh^t  should  be  avoided  and  what 
should  be  imitated, 

Another  like  meritorious  work  was  designed  and  executed 
by  Sir  John  Hawkshaw,  with  upright  walls — the  North  Sea 
piers  for  the  Amsterdam  Canal,  Fig.  286.  The  piers  were 
built  of  blocks  of  concrete,  in  horizontal  courses,  on  a  very 
unfavourable  foundation  consisting  of  quicksand.  It  was 
attempted  at  first  to  erect  these  piers  by  means  of  a  timber 
staging  on  screw  piles,  but  slight  disturbances  of  the  sea  had 
the  effect  of  excavating  holes  round  the  piles,  laying  them 
bare  and  deranging  the  staging.  It  was  next  attempted  to 
deposit  the  blocks  by  means  of  a  '*  Titan,'*  after  having  par- 
tially excavated  the  sand,  when  the  blocks  should  have 
made  a  bed  for  themselves,  which  could  be  levelled  to 
receive  the  superstructure.  This  mode  of  procedure  having 
proved  also  unsatisfactory,  a  layer  of  basalt  rubble  was 
thrown  down,  having  a  width  of  about  three  times  that  of 
the  base  of  the  pier.  When  the  usual  excavation  by  the 
action  of  the  sea  took  place  at  the  sides  of  the  deposit,  the 

*  See  Mr.  G.  L.  RofiTs  paper  on  the  South  Jetty^  m  \JL^  ^oee«dvi^% 
ofthfi  Institution  of  Civil  Enginotrn^  v6L  xxxix.  p.  \VI. 
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stones  dropped  into  the  hollows  until  they  found  their  natund 
slope,  as  indicated  by  the  dotted  lines  in  the  fignre,  leaving 
stationary  the  central  horizontal  portion  on  which  to  btdld 
the  pier.  By  this  means  a  good  and  permanent  fonndation 
was  obtained,  and  it  was  found  as  the  work  advanced  that 
the  trenches,  which  in  places  had  been  no  less  than  20  feet  in 
depth,  gradually  filled  up.  The  pier  was  built  in  courses  of 
concrete  blocks  8  feet  thick,  with  a  topping  of  concrete  for 
the  whole  width.  It  is  82  feet  wide  at  the  base,  and  22  feet 
wide  at  the  top.  It  is  84  feet  in  total  height,  of  which 
18  feet  is  above  lowrwater  line.  The  rubble  stone  against  the 
sides  of  the  pier  is  18  feet  below  low  water. 


Fig.  236.— Anuterd&m  Canal :  North  Sea  Pien. 

Mr.  B.  B.  Stoney,  in  1874,  advocated  the  application  of 
bis  system  of  constructing  large  and  heavy  concrete  blocks 
on  shore  and  floating  them  to  their  destination,  to  be  after- 
wards described,  for  the  construction  of  deep-water  piers  and 
breakwaters  with  vertical  walls.  Comparing  his  system  with 
the  construction  of  the  upright-sided  pier  at  Dover,  block 
by  block,  by  means  of  diving-bells,  he  maintains  that  by  his 
syBiem  the  time  as  well  as  IVie  oo%\.  oi  ^oufitruction  would  be 
maeb  diminished.     "  Wlieto  tti^  ^^^V^i  ^\.Vy«  ^^\Kt  ^x^^\^ 
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from  80  to  40  feet,  it  may  be  desirable  to  use  two  blocks,  one 
above  the  other,  or  to  raise  the  foundation  by  a  mound  of 
rubble  stone,  extending  to  within  25  or  80  feet  under  low 
water ;  that  is,  to  a  depth  below  that  at  which  the  action  of 
the  waves  is  sufficient  to  move  the  stones  forming  the  mound. 
A  single,  double,  or  triple  row  of  blocks  might  be  laid  on 
the  axis  of  such  a  mound  after  it  has  been  allowed  to  con- 
solidate, and  even  supposing  that  local  settlement  of  the 
mound  takes  place,  this  will  not  affect  the  cohesion  of 
individual  blocks,  nor  will  it  in  any  way  injure  the  adjoining 
blocks ;  and  if  a  wide  roadway  is  required  on  the  top  of 
the  breakwater,  rubble  filling  can  be  thrown  in  between  a 
double  row  of  blocks  so  as  to  obtain  any  desired  width 
of  pier."  ♦ 

Whatever  may  be  the  ultimate  depth  at  which  sea- waves 
cease  to  be  felt,  it  appears  evident  that  they  are  practically 
harmless  to  rubble  mounds  at  depths,  varying  according  to 
the  circumstances,  of  from  12  feet  to  16  feet.  And,  as  between 
sloped  work  and  vertical  walls  in  deep  water,  it  is  admitted 
that,  in  the  case  of  a  wave  of  oscillation,  the  upright  wall 
receives  the  least  amount  of  actual  impact,  and  the  only  pres- 
sure is  that  due  to  the  difference  between  the  extreme  height 
to  which  the  wave  rises  on  one  side,  and  the  depression 
formed  by  a  similar  wave  on  the  other  side.  As  a  matter  of 
observation  and  of  theory,  it  is  found  that  a  pure  wave  of 
oscillation,  whatever  surface  it  impinges  upon,  is  reflected 
from  that  surface  at  an  angle  corresponding  to  that  at  which 
it  impinges.  When  the  wave  becomes  a  wave  of  translation, 
the  upright  wall  founded  at  low  water  is  the  worst  form  that 
can  be  opposed  to  the  wave,  as  it  strikes  the  wall  with  the 
utmost  accumulated  force  of  the  sea.  An  upright  wall  founded 
upon  rubble  work  12  feet  below  low- water  mark,  would,  it 

*  See  Mr.  Stoney's  paper ''  On  the  Construction  of  Harbour  and 
Marine  Works  with  Artificial  Blocks  of  large  voj^l*  m  >^<^  PTocft«d\ii^% 
^/A^  Insttiution  of  Civil  Bngineert^  vol.  xxxn\L  "j.  ^^*I. 
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is  believed,  be  properly  applied,  as  it  is  very  unlikely  that  the 
wave  would  act  upon  the  wall  as  a  wave  of  translation.  The 
proper  alternative,  if  the  force  of  the  waves,  as  waves  of 
translation,  is  to  be  exhausted  before  they  reach  the  vertical 
wall,  is  to  provide  concrete  masses  of  weight  sufficient  to 
resist  unmoved  the  action  of  the  waves,  on  a  system  similar 
to  that  which  has  been  sketched  by  Mr.  Murray,  and  adopted 
in  the  construction  of  breakwaters  and  piers  abroad.*] 

*  Seo  p.  386  antt. 


CHAPTER  Vni. 

PIERS. 

The  disposition  of  piers,  in  plan,  is  a  point  npon  which 
great  diversity  of  opinion  exists  amongst  engineers.  For 
some  reasons  it  appears  desirable  to  construct  them  on  two 
carved  parallel  lines,  until  near  the  extremity,  with  the  con- 
vex side  turned  towards  the  direction  of  the  progress  of  the 
alluvions.  In  this  case  the  scouring  action  of  the  water 
from  the  inner  harbour,  whether  produced  by  sluices  or 
simply  by  the  tidal  action,  will  be  more  effectual  against 
the  bar  which  usually  forms  at  the  head  of  the  inner  pier, 
by  the  centrifugal  force  of  the  water  deflected  from  the  outer 
side.  Moreover,  this  disposition  is  more  favourable  for  the 
protection  of  the  interior  of  the  harbour  from  the  effects  of 
the  wind. 

But  if  the  piers  be  executed  in  smooth- dressed  masonry, 
the  transmission  of  the  waves  takes  place  with  undiminished 
intensity.  The  Romans  appear  to  have  noticed  this  effect, 
for  all  the  old  ports  of  the  Mediterranean  have  a  polygonal 
form,  and  it  has  evidently  been  an  object  with  their  engineers 
to  avoid  joining  the  several  straight  lines  by  curves  filling  in 
the  angles.  On  the  other  hand,  it  was  noticed  in  the  port  of 
Havre  that  the  waves  were  reflected  from  the  opposite  faces 
of  the  piers,  which  were  constructed  of  this  polygonal  form ; 
and  the  manoeuvres  of  the  vessels  were  much  impeded  by  the 
constant  changes  in  the  direction  of  the  wavea  ili\iA  y^c^^<^<6\. 

The  roadway  of  the  piers  sbould  be  ^m^edL  0*5.  ^Vi  ^\\sAsgc^» 
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sufficient  to  guarantee  the  men  employed  upon  them  from 
the  effects  of  the  sea  in  ordinary  states  of  the  weather.  From 
7  to  9  feet  ahove  high  water  spring  tides  will  be  sufficient ; 
but  the  extremity,  or  the  head,  must  be  raised  about  2  feet 
higher  than  the  remaining  portion.  The  heads,  or  extreme 
ends,  may  be  erected  with  a  width  at  the  crown  of  from  27 
to  86  or  40  feet ;  whilst  the  intermediate  parts  may  vary 
from  7  to  20  feet,  according  to  the  materials  employed. 
When  the  piers  are  in  wood,  the  smaller  dimensions  are 
employed ;  stone  piers  are  very  rarely  made  less  than  12  feet 
wide  upon  the  line  of  the  pavement. 

The  form  to  be  given  to  the  transverse  sections  of  a  pier 
is  regulated  by  the  nature  of  the  materials  employed  in  its 
construction,  as  much  as  by  the  dynamical  effect  of  the  waves. 
The  materials  may  be  either  wood,  loose  rubble  stone,  or 
solid  masonry  bedded  in  mortar. 


Fig.  287.— Wooden  Pier. 

Wooden  piers  may  be  entirely  open,  or  filled  in  with  rubble 

either  entirely  or  partially ;  or  occasionally  they  are  placed 

upon  the  crown  of  a  subsidiary  pier,  finishing  at  a  point 

below  the   high-water  line,  which   is  executed    in    nibble 

masonry  or  loose  stones.     The  lower  part  of  the  majority  of 

wooden  piers  is,  however,  covered  either  by  a  mass  of  con- 

erete,  of  Joose  stones,  or  of  fascines,  dressed  with  slopes  both 

io  the  seaward  and  the  inside  ot  \!lck!&  \>Axbour^  forming  a  kind 

of  ledge  wiiioh  serves  to  detend  \2ie  lo\]LXi^'»)A&»TA« 
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The  frames  of  such  piers  are  placed  at  distances  apart  of 
from  6  to  10  feet,  according  to  the  depth  of  water  and  the 
habitual  agitation  of  the  position  in  which  they  are  to  be 
placed.  They  are  made  in  the  form  of  a  trapezium,  the 
inclined  sides  being  respectively  turned  towards  the  channel 
and  the  open  sea,  and  forming  with  the  vertical  line  an  angle 
of  from  IS""  to  88°.  The  timbers  consist  of  two  or  three 
posts,  tied  together  by  horizontal  clipping  pieces,  with  raking 
struts  or  braces,  forming  with  the  horizontal  ties  a  system 
of  triangles.  Wales,  sills,  and  heads  tie  these  separate  frames 
together  longitudinally.  In  the  best  works  of  this  description, 
all  the  joints  are  made  by  halving  and  bolting,  for  it  is  found 
that  the  continual  motion  of  the  waves  causes  the  tenons  to 
work  in  the  mortices  wherever  this  style  of  joint  is  used,  and 
that  there  is  no  effectual  way  of  remedying  the  loosening 
thus  produced ;  whilst,  if  the  joints  be  halved  and  bolted,  they 
may  be  tightened  up  by  screwing  the  bolts,  should  they  have 
worn.  All  the  wood- work  should  be  tarred,  and  precautions 
must  be  taken  to  defend  it  from  the  attacks  of  the  boring 
worms,  whose  ravages  will  be  noticed  hereafter* 

The  upper  sills  carry  joists,  upon  which  is  laid  a  plankingi 
usually  from  4  to  5  inches  thick,  and  with  spaces  of  about  1 
to  1^  inch  wide  between  each  plank,  to  allow  of  the  escape 
of  any  water  breaking  over  them.  The  planks  are  spiked 
down  to  the  joists,  and  a  species  of  bridging  or  tying-down 
joist  is  bolted  upon  their  extremities  to  the  sill  resting  imme- 
diately upon  the  framework. 

When  the  piers  are  filled  in  with  rubble  stone,  the  cases 
to  retain  the  latter  are  formed  by  close  boards,  laid  horizon- 
tally against  the  upright  posts.  The  interior  is  filled  in 
sometimes  with  shingle,  sand,  or  clay,  as  well  as  with  stone* 
and  the  recent  application  of  Portland  cement  concrete  in  the 
execution  of  such  works  appears  likely  to  exercise  important 
effects  upon  this  branch  of  construction.  The  best  i^oaitio\N. 
for  thehorizonUd  planking  appeara  U>  be  u^oii^^  ^^o^ssw^^ 
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of  the  posts,  because,  althongh  when  it  is  placed  upon  the 
inside  it  resists  the  thrust  of  the  materials  inclosed  nune 
effectually,  it  will,  on  the  contrary,  when  on  the  outside, 
destroy  the  action  of  the  waves  upon  the  framing  to  a  greater 
extent.  In  the  latter  position  also  the  planking  can  be  mors 
easily  repaired,  and  no  asperities  are  offered  able  to  affeet  or 
be  affected  by  any  vessels  which  may  rub  against  the  jetties 
in  passing.  It  is  a  very  important  rule  to  be  observed  in 
all  constructions  connected  with  piers  or  quays,  that  no 
essential  parts  of  the  framing  be  exposed  to  the  abrasion  of 
vessels  either  passing  or  stationary ;  wherever  there  is  a  pos- 
sibility of  any  occurrence  of  this  description,  it  is  advisable  to 
place  a  firring  to  protect  the  permanent  work. 

In  modem  piers  the  frames  are  made  distinct  from  the 
piles  or  other  portions  of  the  woodwork  in  or  near  the 
ground.  There  is  great  difficulty,  in  fact,  in  driving  with 
regularity  such  long  piles  as  would  be  able  to  receive  the 
flooring ;  and  it  is  very  easy  to  place  the  whole  of  one  of 
the  previously-prepared  frames  of  the  upper  structure  upon 
its  foundations  during  the  interval  between  two  consecutive 
tides.  The  supposed  advantage  to  the  solidity  of  the  struc- 
ture in  consequence  of  the  posts  being  identical  with  the 
piles,  it  may  also  be  observed,  soon  ceases  to  exist ;  for  in  a 
short  time  the  destruction  of  the  wood  from  the  alternations 
of  dryness  and  wetness,  or  from  the  attacks  of  the  worm, 
render  it  necessary  to  replace  portions  of  the  work. 

It  has  been  observed  that  piles  driven  into  the  sea-shore 
are  rapidly  laid  bare  by  the  shock  of  the  waves.  The  ground- 
swell  acts  upon  the  bed  of  the  sea,  and  in  time  produces  a 
conical  depression  round  the  head  of  the  pile,  whose  depth 
may  sometimes  become  as  much  as  from  2  to  S  feet  in  a  tide. 
These  depressions  extend  on  all  sides,  so  that  the  piles  are 
often  laid  bare  for  a  considerable  length ;  and  to  obviate  this 
danger  ii  is  usual  either  to  fill  in  between  the  pile-heads  with 
eonereie  or  with  stone  rubble,  oT/YnYLo)\«si^^\A\^^A^^TAfljU 
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iiag  of  fascines  loaded  witb  rabble,  through  which  the  piles 
are  snbseqnently  driven. 

The  advantages  offered  by  wooden  piers  may  be  stated  to 
coDsist  in  the  fact  that  they  are  rapidly  and  economically 
constrncted ;  the  disadvantages  the;  present  consist  in  the 
frequency  and  cost  of  their  repairs,  and  also  that  they  do  not 
effectually  gaarantee  the  interior  of  the  harbour  from  littoral 
cnrrenta  if  totaUy  or  partially  open,  nor  do  they  destroy  the 
agitation  of  the  waves.  It  is  for  this  reason  that  in  many 
ports  the  system  of  partially  filling  haH  been  resorted  to,  and 
the  practice  asaally  followed  is,  to  carry  np  the  filling  to  the 
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level  of  high  spring  tides  in  very  exposed  situations,  or  only 
to  that  of  the  high  neap  tides  in  others. 

Btone  piers  are  executed  either  with  a  hearting  of  rubble 
masonry  or  of  concrete  eased  with  ashlar,  or  with  an  em- 
bankment of  earthwork  cased  by  external  walls  tied  together 
by  cross  walls,  which  form,  in  fact,  so  many  separate  com- 
partments, or  even  occasionally  of  loose  rabble.  In  the 
latter  case,  however,  the  inner  face  towards  the  passage 
of  the  harboar  is  executed  in  conrsed  masonry  with  a  ver- 
tical or  nearly  vertical  face,  in  order  not  to  mterfere  more 
than  is  absolutely  necessary  with  the  water- wa^,  'CftXfc.i*. 
adopted  inottmenbla  varietieB  in  1 
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and  bonding  the  masonry  for  these  various  descriptions  of 
piers,  but  there  does  not  appear  to  exist  any  necessity  for 
observing  other  rules  in  their  construction  than  will  be  found 
enumerated  hereafter. 

In  positions  where  it  is  easy  to  obtain  large  stones  of  a 
nature  to  resist  the  action  of  sea  water,  it  is  preferable  to 
execute  piers  with  ashlar  facings,  and,  generally  speaking, 
to  fill  in  between  them  with  rubble  masonry  or  concrete. 
A  vertical  face,  we  have  already  seen,  destroys  the  violence 
of  the  waves  with  greater  rapidity  and  more  effectually  than 
a  long  slope,  such  as  every  loose  rubble  jetty  must  assume, 
provided  that  it  be  constructed  of  a  sufficient  dimension; 
and  with  the  requisite  conditions  of  bonding  together  the 
several  parts,  a  wall  of  such  a  profile  will  require  less  repair 
than  a  mere  heap  of  small  materials,  each  of  which  is  sus- 
ceptible of  being  displaced  in  a  storm.  The  largest  stones 
which  can  be  obtained  ought  to  be  used,  especially  at  the 
height  corresponding  with  the  greatest  agitation  of  the 
waves,  and  for  the  upper  courses :  horizontal  bonding 
courses  should  be  introduced  at  regular  intervals,  with  plugs 
or  dowels  connecting  the  several  stones,  and  the  upper  sur- 
face of  the  filling  in  must  be  carefully  paved  so  as  to  throw 
off  any  rain  or  sea  water  falling  upon  it.  The  example 
given  on  the  next  page  will  illustrate  the  most  theoretically 
perfect  mode  of  executing  such  works  ;  it  is  copied  from  the 
southern  pier  of  the  port  of  Havre,  which  is  exposed  to  very 
violent  storms  in  winter,  and  in  all  times  to  a  powerful  lit- 
toral current. 

When  the  interior  of  the  pier  is  filled  with  earthwork,  as  in 
Fig.  241,  it  is  necessary  to  place  the  counterforts  tying  the 
walls  together  at  distances  varying  from  16  to  45  feet  in  the 
clear,  making  the  counterforts  from  6  to  10  feet  wide.  The 
ibickness  of  the  retaining  wall  must  exceed  that  absolutely 
required,  to  insure  a  resiBiance  lo  tbQ  thrust  of  the  embank- 
xaeDi  under  ordinary  circTiinB\isaxcett,\>^c»i^^^^  %ft>sL^\i  ^WS^i^^ 
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waves  changes  very  materially  their  conditions  of  stability. 
The  most  important  precaution  to  be  taken  is  to  pave  the  top 
80  as  efiectaally  to  remove  any  water  falling  upon  it.  Th« 
inclination  to  be  given  to  the  %Talls  may  vary  from  1  in  4  to 
1  in  8  ;  perhaps  the  latter  is  preferable  as  a  general  rule. 

In  some  positions  the  progress  of  the  shingle  is  found  to 
exercise  an  important  and  very  destrnctive  effect  upon  the 


PIr  HI.— Pier  tilled  witli  euthirork. 

piers  projecting  within  its  line,  in  conseqnence  of  its  friction 
apon  the  stooework.  De  Cessart  recommended  that  a  casing 
of  planks  from  S  to  4  inches  thick  be  placed  round  the  por- 
tions exposed  to  this  abrasion,  and  that  tbey  should  be  nailed 
to  horizontal  walinge  let  into  the  stonework.  If  the  use  of 
inch  boarding  be  objected  to,  it  will  be  necessary  to  execute 
tbe  portion  thos  rubbed  by  the  shingle  in  granite,  and  under 
Mnjr  cimmetuicee  to  avoid  tke  uae  at  ooft  argillaceous  or 
cBleBroouB  stones. 


The  foimdatioQB  of  jetties  ehonld  be  ezecnted  in  the  moat 
substantial  manner  possible,  and  either  upon  a  general  bed  of 
concrete,  or  npon  a  platform  laid  npon  piles  and  snironnded 
by  sheet  piling ;  if  the  snbsoil  be  of  a  natnre  easily  removed 
by  the  repercnssion  of  the  waves  oi  the  action  of  the  onr- 
rent,  it  may  also  be  necessary  to  constract  a  wide  apron,  in 
a  similar  manner  to  the  one  ezecnted  at  Havre,  represented 
in  the  Fig.  at  page  421.    These  aprons  are  more  peculiarly 


Fig.  Ul.—Jttty  &t  BoDfloir. 

reqnired  at  the  head  of  the  jetties,  where  the  ground  swell 
is  the  greatest ;  and  they  should  be  carried  down  as  low  as 
possible,  the  npper  sarface  having  either  a  slope  or  a  corva- 
tnre  towards  the  open  sea,  so  as  to  decompose  the  shock  of 
any  waves  breaking  on  it. 

If  the  extremity  of  the  pier  be  carried  ont  far  into  the 
sea,  so  that  the  fonndations  be  below  the  lowest  tides,  it 
will  be  found  almost  impossible  to  ezecnte  them  in  a  coffer- 
dam. The  modes  hitherto  employed  under  each  circom- 
stances  have  been  to  oonstnict  them  of  loose  rubble  stooe 
np  to  the  low-water  mark,  as  in  the  cases  of  the  piers  at 
Aberdeen  erected  by  Telford,  or  ot  tbow  «.t'&<i'E&wn',  caSa 
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execute  that  portion  with  concrete,  or  with  masonry  sunk  in 
caissons. 

The  loose  ruhble  foundations  answer  in  positions  where 
there  is  no  danger  of  the  substrata  on  which  they  repose 
being  removed,  and  when  the  passing  current  carries  a 
sufficient  quantity  of  mud  or  sand  to  fill  up  the  interstices  of 
the  stones.  Works  of  this  description,  if  executed  in  toler- 
ably deep  water,  assume  the  profile  upon  a  line  of  direction 
of  the  prevailing  wind,  which  may  be  thus  described  : — On 
the  outside,  and  in  the  part  situated  below  the  usual  action 
of  the  waves,  the  slope  of  the  materials,  as  they  arrange 
themselves  naturally,  will  be  tolerably  steep,  and  about  1^ 
to  2.  In  the  zone  exposed  to  the  action  of  the  waves  it 
becomes  about  6  to  11 ;  and  the  inner  slope,  which  is  of 
course  protected  by  the  other,  assumes  the  proportion  of  1 
to  2.  The  lower  sldpe,  or  the  one  beneath  the  action  of  the 
waves,  is,  however,  the  only  one  which  has  any  fixity,  so  to 
speak ;  and  it  is  also  to  be  observed,  that  in  shallow  water 
the  ground-swell  appears  to  destroy  it  even  in  this  portion, 
and  to  give  rise  to  constant  changes  in  the  outline.  For 
instance,  a  rubble  jetty  executed  upon  a  ledge,  called  the 
Boyard,  in  the  roads  of  Aix,  on  the  western  shores  of  France, 
was  continually  undermined  at  the  foot,  although  the  founda- 
tions were  placed  at  14  feet  below  low- water  line.  It  is 
therefore  necessary  to  cover  the  smaller  stones,  of  which  the 
body  of  such  jetties  is  composed,  with  blocks  of  considerable 
dimensions  at  the  feet,  and  also  in  the  zones  exposed  to  the 
action  of  the  waves.  The  immediate  position  of  the  intended 
jetty  should  also  be  covered  entirely  by  a  bed  of  concrete, 
executed  after  a  sufficient  time  has  been  given  to  allow  the 
subsidence  of  the  rubble  to  take  its  full  efiect,  and  the 
masonry  elevated  upon  this  concrete.  The  sketch  on  the  pre- 
ceding page,  representing  the  jetty  of  Honfleur,  at  the  mouth 
of  the  Seine,  will  illustrate  tlala  construction. 
When  the   oandations  are  ex^ul^^  Vsi  ^otl^x^Ha^^^  «i.- 
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ternal  edgea  should  be  protected  by  sheet- piling,  and  pre- 

oantions  must  be  taken  to  preveot  their  being  andennined. 

The  snr&ce  of  the  place  intended  to  receive  the  concrete 

mQBt  be  cleared  of  any  allaviol  mad 

or  peat,  and  as  far  as   possible   of 

any  compressible  Bnbstratnm.    Bnt 

the   most    important    condition  for 

iuBnring  the  permanence  of  this  de- 
scription of  work  is,  that  the  lime  or 

cement  nsed  be  of  a  nature  able  to 

resist  the  chemical  effects  of  the  sea 
water. 

Smeaton  executed  the  foundations 
of  the  Bamsgate  Harbour  in  caissons, 
sunk  afterwards  upon  beds  pre- 
viously prepared  to  receive  them  by 
means  of  the  diving-bell.  The  pieis 
are  carried  out  about  800  feet  npon 
a  chalky  bottom,  at  a  depth  varying 
from  8  to  10  feet  below  low-water 
mark  of  spring  tides.  The  caissons 
were  about  10  feet  wide  and  S4  feet 
long,  measnred  perpesdicnlarly  to 
the  axis  of  the  pier.  The  heavy  < 
storms  which  blow  npon  this  part  of  I 
the  coast  from  the  S.E.  moved  the  * 
caissons,  until  they  were  weighted  by 
the  snperincambeat  masonry. 

Jetties  entirely  in  loose  mbble 
work  are  principally  constmcted  for 
the  purpose  of  destroying  the  force 
of  the  waves  without  its  being  in- 
tended to  make  them  serve  for  the 
purpose  of  aaaisUng  the  manteavres 
of  vesseis  eotering  or  departing.     Bocib  a.  mo&«  o1  ccnuAs^'b- 
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lion  may  be  advisable  when  the  rough  materials  are  easily 
procured,  aud  when  skilled  labour  is  exorbitantly  dear ;  but,  as 
a  general  rule,  it  will  be  found  that  the  ultimate  expense  of  the 
maintenance  of  such  works  will  more  than  counterbalance  any 
economy  in  the  original  outlay.  Telford  has,  however,  exe- 
cuted several  jetties  in  this  manner,  of  which  an  illustration, 
Fig.  248,  from  the  eastern  arm  of  the  Kingston  Harbour,  is 
selected.  In  other  cases,  as  at  Peterhead,  he  made  the  inner 
side  with  a  vertical  face  of  dressed  masonry ;  but  it  is  to  be 
remarked  that  the  occasions  on  which  that  eminent  engineer 
resorted  to  this  mode  of  construction  were  decidedly  excep- 
tions from  his  usual  course,  and  that  wherever  it  was 
economically  possible  to  execute  jetties  in  coursed  masonry 
he  resorted  to  that  system. 

In  addition  to  the  interference  with  the  translation  of 
waves  into  the  interior  of  harbours  offered  by  the  form  and 
disposition  of  the  jetties,  or  by  the  breakwaters  before 
described,  that  object  is  sometimes  effected  by  means  of 
spurs  projecting  from  the  inner  face  of  the  jetties  into  the  har- 
bours. This  is  a  system  only  to  be  resorted  to  upon  extra- 
ordinary occasions ;  for,  as  the  spurs  project  into  the  direct 
line  of  the  channel,  vessels  entering  the  harbour  must  occa- 
sionally be  forced  to  go  through  mana3uvres  attended  with 
considerable  danger.  The  practice  of  engineers,  of  late 
years,  has  certainly  been  to  avoid  any  kind  of  deviation 
from  the  regularity  of  outline  of  harbours  for  this  reason. 
The  submersible  jetties,  formerly  constructed  in  prolongation 
of  the  principal  ones,  or  more  frequently  of  the  leeward 
jetties,  have  also  been  abandoned.  Indeed  it  was  found  that, 
as  they  were  covered  at  high  tide,  they  became  little  else 
than  sunken  reefs  in  the  course  of  vessels  entering,  and  gave 
rise  frequently  to  serious  complications  of  the  tides  and 
cnrrentB  of  the  port. 

[The  -distinction  betyreen  ^Kw^v^^^^^^^^^^'^^s^'wS^wa 
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sbadowy.  A  pier  curied  into  deep  water  becomee  a  break- 
water. A  breakwater  joined  to  the  shore,  and  formed  with 
a  roadway  or  a  promenade  on  the  top,  becomes  a  pier. 

Several  illastrations  of  pier-work  have  been  prodaced  in 
the  preceding  disooBBJon  on  breakwaterB.  It  remains  to 
notice  a  few  characteristic  piers,  designed  specially  as  piers, 
though  at  the  same  time  acting  designedly  or  incidentally  as 
breakwaters. 

The  most  conspicnoas  instance  of  a  pier,  which  also 
operates  as  a  breakwater,  and  furthermore  as  a  groin  in 
arresting  the  flow  of  shingle  on  the  soath  coast,  is  the  pier 
at  Dover,  Fig.  244,  which  has  been  constructed  with  nearly 


Fbt.tM.-FieT>t  Dover. 

upright  sides  from  the  bottom.  The  choice  of  this  form  was,  it 
is  said,  induced  by  the  want  of  snilable  stone  in  the  district. 
The  materia]  below  low  water  was  pnt  in  place  with  the  aid 
of  diving  apparatus,  and  the  work  was  of  course  expensive, 
costing  £290  per  lineal  foot  for  the  first  contract  of  800 
lineal  feet;  and  for  the  second  contract,  let  in  1864,  £416 
per  lineal  foot.  It  is  constmcted  with  gramle  facings  and 
a  breasting  of  rectaognlar  blocks  of  Portland  cement  and 
shingle  concrete  op  to  a  little  above  half A\<^ft  \«s(^'',  «}[xr«^ 
this  the  £Uing  consisted  of  liqaid  concroto.  TV^  -^wt^N^ciui^ 
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at  preflent  it  is  eBsentially  &  landing-pier,  is  intended  nlti' 
mately  to  be  extended  so  as  to  form  a  harbour  of  refuge.  It 
is  formed  with  a  nniform  batter  on  each  side,  and  is  in  seclioD 
abont  80  feet  wide  at  the  base  and  42  feet  at  the  top,  ooin- 
prising  a  roadway  80  feet  wide,  and  a  heavy  parapet  on  the 
seaward  side.  It  is  founded  45  feet  below  low-water  mark. 
The  south  or  west  pier  at  Whitehaven,  Fig.  245,  designed 
b;  Sir  John  Rennie,  and  constracted  in  1834,  was  boilt  on  a 
fonndation  of  sand.  The  pier  was  boilt  of  the  soft  sandstone 
of  the  district.  It  is  61  feet  wide  on  the  platform.  The  oater 
wall,  or  sea  wall,  hae  a  curved  face  battering  one-half  its 


Fig.  its.— WeM 


height.  It  is  18  feet  thick  at  the  base,  and  14  feet  at  the  top. 
The  inner,  or  qnay  wall,  is  carved  inside  and  ontside,  with  a 
batter  of  gne-fifth  of  its  height.  It  is  8  feet  thick  at  the 
bottom,  and  7  feet  at  the  top.  Both  walls  are  strengthened 
by  connterfortB.  The  total  width  across  the  top  amounts  to 
76  feet,  and  at  the  base  to  100  feet.  The  parapet  of  masonry 
on  the  top  is  12  feet  high,  10  feet  thick  at  the  bottom,  and 
7  feet  thick  under  the  coping.  The  coping  is  11  feet  wide, 
formed  of  large  stones,  resting  on  a  broad  cavetto  monlding, 
carving  over  both  on  the  inside  and  the  ontaide.  The  top  is 
sli^tly  rounded,  and  forms  a  promenade  faUy  8  feet  wide. 
ITiie  walls  are  constmoted  of  ashlar  masonry  filled  in  with 
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rabble,  solidly  bedded  and  grouted  together.  The  roadway 
was  paved  with  large  blocks  of  ashlar  for  a  depth  of  8  feet, 
and  bedded  in  brdranlic  mortar.  The  parapet  is  composed 
of  finely  dresBed  stones,  dowelled  and  bonded  vertioally  and 
borizontally.  By  means  of  the  peculiar  form  of  the  exterior 
and  interior  of  the  parapet,  the  waves,  in  heavy  weather,  are 
in  a  great  degree  reflected  and  prevented  from  breaking  over 
the  wall ;  so  that,  except  in  extraordinary  gales,  scarcely  any 
water  is  thrown  on  to  the  pier.  Even  then,  the  inner  pro- 
jecting copbg  affords  a  shelter. 

The  baee  of  the  onter  wall  is  protected  by  an  apron  of 
large  stones,  bedded  in  the  sand,  and  covered  with  a  mass 
of  large  mbble  up  to  the  level  of  low  water.  The  rise  of 
spriog  tides  is  25  feet. 


Pig.  ms.—Haw  Ifor(h  Pier,  WIiJI«lu»«n. 

The  north  pier  was  designed  like  the  south  pier,  but  of 
smaller  dimensions. 

The  new  north  pier,  Fig.  246,  a  spur  of  the  old  north 
pier,  separating  the  outer  barbonr  from  the  north  harbonr, 
was  coDstracted  a  few  years  since.  It  was  a  part  of 
other  works  constnicted  to  the  designs  of  Ur.  Brnnleea  for 
the  improvement  of  the  harboar.  It  is  60  feet  wide  at  the 
quay  level.  The  outer  wall,  next  the  onter  harbonr,  is 
16  feet  wide  at  the  base,  on  a  fonndation  of  concrete  19  feet 
wide  and  8  feet  deep.  The  wall  is  doable,  strengthened  by 
croHB  walls,  and  filled,  in  the  "  pockets,"  with  concrete.  The 
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wall  is  built  of  red  sandstone,  faced  with  ashlar  block-in- 
conrse,  with  a  batter  of  1  in  12,  and  carries  a  parapet. 
The  inner  wall,  against  which  vessels  lie,  is  similarly  con- 
structed, but  the  pier  is  of  hammer-dressed  rubble  laid  in 
broken  courses,  or  ''snecked."  The  coping  is  of  sand- 
stone ashlar,  8  feet  wide  and  18  inches  thick,  dowelled  at 
the  joints  and  grouted  with  cement.  The  filling  is  of 
rubble,  and  the  roadway  is  ballasted,  and  carries  two  lines 
of  railway. 

The  contrast  between  this  recently  designed  pier  and  the 
older  south  or  west  pier.  Fig.  245,  is  to  be  remarked.  The 
leading  features  in  contrast  are  the  inclinations  of  the  walls ; 
of  which  the  total  batter  in  the  older  pier  is  1  in  2,  and  in 
the  recent  pier  only  1  in  12.  The  relative  e^ciencies  of  these 
forms  respectively  are  marked  by  the  fact  that,  during  an  on- 
shore gale,  very  little  sea  rises  over  the  vertical  wall,  whilst 
the  other  piers  are  enveloped  in  spray. 

A  pier  of  a  very  different  character,  the  new  north 
pier  at  Sunderland  harbour,  was  constructed  by  Mr.  J. 
Murray  in  1848.  The  harbour  wall  is  of  ashlar  masonry 
of  freestone,  curved  and  battered  like  that  at  Whitehaven, 
and  built  on  piles.  It  is  6  feet  thick  at  the  top  and  about 
11  feet  at  the  base,  with  counterforts.  The  foundation  was 
laid  5  feet  4  inches  below  low  water ;  the  rise  of  the  spring 
tide  is  14^  feet,  and  the  top  of  the  wall  stands  10  feet 
9  inches  above  high  water ;  the  top  is  paved  for  a  width  of 
nearly  40  feet,  divided  into  two  parts,  of  which  one  is  raised 
2  feet  above  the  other,  with  a  parapet  wall  2  feet  8  inches 
thick.  A  rubble  backing,  18  feet  wide,  next  the  parapet  on 
the  seaward  side,  led  to  a  long  glacis  of  ashlar  pitching  to  a 
slope  of  41^  to  1,  making  the  total  width  of  the  pier,  from  the 
£Eice  of  the  harbour  wall  to  the  footing  of  the  glacis,  about 
250  feet.  The  action  of  heavy  seas  on  the  pitched  glacis  was 
8ueb  thai  receding  waves  tore  o\i\>  Vb^^  ^tAues,  which  had  been 
previously  loosened  by  the  vxm^afc\.  ol  ^i)ii^  ^^N^\i^\si%^wi^'«»^ 
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or  had  bean  blown  np  by  the  air  between  the  joints  aubjected 
to  hydrostatic  preasure. 

By  experience  of  three  years  of  the  north  breakwater, 
Mr.  Murray  was  induced  to  cODstract  the  soQth  pier,  in 
1846,  with  a  glacis  to  the  seaward  side,  entirely  of  loose 
rabble  stone,  leaving  the  action  of  the  aea  to  adjast  the  elope. 
It  was  finished  at  a  lower  level  than  that  of  the  north  pier. 


ng,  HT.— TlDbn  PlsT,  OiMt  OilnubT  Docki. 


with  a  level  berm  about  8  feet  above  high  water,  and  a  slope 
of  6  to  1,  By  this  dopiesBion  of  the  level  of  the  backing,  a 
snbstantial  sea  wall  was  demanded  for  the  back  of  the  pier  as 
well  as  for  the  barboar  side.  This  pier  is  less  exposed  to 
the  action  of  the  sea  than  the  north  pier.* 

A  simple  timber  pier  is  represented  by  Fig.  247.    Two 
piers  of  this   form   are  erected  at   Great   Orimsby  docks, 

*  Se«  Mr.  Murray'l  paper  on  "  SandeTland  Harbour,"  iiL*^  Pio- 
terdingi  of  Ike  ImlHution  of  C'lfil  EngKMm,  ^o\,  "li^  ^.  Ib^. 
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boanding  the  tidal  basin.  The  construction  is  of  open  timber, 
in  bays  of  piles  in  clnetere,  25  feet  apart.  The  front  piles 
average  SO  feet  in  length  and  14  inchea  aqnare,  with  a  batter 
of  I  inch  to  1  foot.  The  interior  or  abntting  piles  averags 
86  feet  long  and  14  inches  Bqnare.  Each  pile  carries  a 
wrought-iron  shoe  of  28  lbs.  weight.  The  piles  are  supported 
and  shored  by  walmgs  and  diagonal  braces.  The  ontaide  of 
the  piers,  facing  the  sea,  is  protected  by  half-timber  fender- 
peces,  spiked  to  the  walings,  which  answer  the  double  par- 
pose  ef  keeping  the  heavy  seas  from  injuring  the  lock-gates, 


Fig.  MS.-Santh  Pier.  Bolteidnm. 


and  of  checking  the  rush  of  the  tides  through  the  basin. 
The  planking  for  the  floor  is  laid  with  j-inch  spaces,  and 
wrought-iron  mooring  rings  are  fixed  at  intervals  of  100  feet 
along  the  inside  of  the  piers.     The  whole  of  the  timber  was 


Dutch  engineers,  since  the  year  1650,  have  made  trial 
piers  on  the  system  of  fascine  embankments  in  vogue  in 
Holland.  Two  piers  or  moles  have  been  in  course  of  con- 
struction, since  186S,  to  form  an  approach  to  Rotterdam. 
They  are  formed  chiefly  of  fascines.  The  south  pier.  Fig.  248, 
1,258  yards  in  length,  is  finished,  and  ends  in  16  feet  6  inches 
of  water,  at  low  water.  The  northern  pier  was,  in  1875, 
completed  to  a  length  of  2,078  yards  from  the  shore.  The 
piers  are  conBtmcted  of  successive  layers  of  "  zinkstukken," 
or  faecine  mattresses,  16  inches  thick,  weighted  with  10  cwt. 
of  stone  per  square  yard.  For  the  body  of  the  pier,  there  are 
required  from  fi  to  6  mattresses,  averagmg,  with  the  stones. 
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89  inches  thick.  They  are  further  held  in  place  by  five  rows 
of  piles  driven  about  11  or  12  feet  through  this  mass  into  the 
Band  below.  The  outer  slopes  and  edges  of  the  mattresses 
are  covered  with  a  coating  of  stone  averaging  850  cubic  feet 
per  lineal  foot  of  pier.  The  part  above  water  is  covered  with 
larger  stones  retained  by  rows  of  small  oak  piles,  the  ends 
of  which  project  above  the  level  of  the  work  with  the  view  of 
breaking  the  force  of  the  waves.  The  crown  of  the  southern 
pier  is  26^  feet  wide,  rounded  on  the  upper  surface,  which 
attains  the  level  of  ordinary  high  water.  The  base  of 
the  work  is  124^  feet  wide.  The  piles  connecting  the 
mattresses  are  carried  to  a  height  of  9  feet  10  inches  above 
the  top  of  the  piers.  A  roadway  is  fixed  to  the  piles, 
carrying  lines  of  rails  for  the  conveyance  of  materials  for  the 
construction  of  the  pier.  The  height  of  the  pier  is  from 
18  feet  to  16^  feet.  The  cost  of  the  south  pier  was  £145,000, 
being  about  £88  9s.  per  lineal  foot.  The  theory  of  this  kind 
of  breakwater-pier  is  that — 1st.  As  it  is  to  a  certain  degree 
elastic,  the  shocks  from  waves  produce  less  injury  to  it  than 
they  would  do  upon  a  rigid  and  divided  mass.  2nd.  That, 
in  a  short  time,  the  internal  interstices  will  be  completely 
closed  with  sand,  whilst  the  exposed  surface  will  be  coated, 
and,  so  to  speak,  agglomerated  with  sea  shells,  weed,  &c.,  so 
as  to  become  eventually  a  solid  mass.* 

A  pier,  simply  and  solely  for  the  purposes  of  landing  and 
embarking,  may  be  constructed  very  differently  from  the 
solid  and  substantial  structures  which  have  been  described. 
In  principle  it  may  be  made  so  that  it  shall  not  at  all  inter- 
fere with  the  movements  of  the  sea^-erected  on  piles.  One 
recent  example  of  open  pier- work  is  supplied  by  the  pier 
constructed  at  the  seaport  of  Huelva,  in  Spain,  for  the  Rio 
Tinto  Mining  Company,  to  the  designs  of  Mr.  G.  B.  Bruce. 

*  See  Mr.  T.  0.  Watson's  paper  on  '*  The  Use  of  Fasdzies  in  Public 
Works  of  Holland,"  in  the  PtocHding*  of  tk§  Institution  of  CivU 
Engineers,  vol.  xli.  p.  168. 
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The  design  of  this  pier  sopplies  itn  excellent  inataDca  of 
opportunities  seized  and  applied  in  tbe  amngementa  for 
working  the  railway  traffic  on  the  pier  by  gravitation.  The 
pier,  Fig.  249,  is  constnioted  on  cast-iron  screw-pilea  and 
colnmns,  braced  together  with  wrought-iron  stmts,  stays, 


Pig.  :14a.— FiBi,  Bid  TiDto  UioinK  Campunr. 

uud  tie-rods.  The  piles  are  screw-piles  arranged  in  groups 
of  eight  piles,  in  two  rows  of  four.  At  the  shore-end  their 
distat] COS  apart,  transversely,  are  7^  feet,  12  feet,  and  7i  feet 
Bnoceseively.  'LoagA'a.iaani^^  tti«^  «i«  V5  feet  apart  between 
oeatree,     ia  the  deep-Ni&tei  ^t^ion,  ^e  "^^^s*  »«•  ^V^SmI 
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oec^uvi/. 


JSUviKtuan,. 


Fig.  260.— Screw-pile. 


apart  traDSversely.  The  screw-pilos  forming  the  base  of  the 
pier  are  16  inches  in  diameter  and  1^  inches  thick.  The 
screw-blade  on  the  lower  end  of  each  pile,  Fig.  250,  is  5  feet 
in  diameter,  with  a  pitch  of  6  inches,  and  is  held  in  place  by 
two  bolts,  though  it  takes  its  bear- 
ing on  a  collar  cast  on  the  piles. 
The  screws  were  cast  separately 
from  the  piles,  for  convenience  of 
transit  from  England  to  Spain.  In 
case  any  of  the  piles  should  work 
out  of  position  during  the  operation 
of  fixing  them,  a  radial  joint  of 
4  feet  radius  was  arranged  at  the 
surface  of  the  ground  at  the  shore- end,  and  in  the  deep- 
water  portion  at  low-water  level,  for  adjustment  of  the 
upper  lengths  of  the  piles.  The  piles  were  screwed  to  depths 
var}'ing  from  15  feet  to  82  feet  below  the  suiface  of  the 
ground.  They  were  turned  by  means  of  a  capstan-head 
fixed  on  the  upper  end,  with  eight  arms  of  from  8  feet  to 
15  feet  in  length,  worked  at  the  shore-end  by  16  men, 
though  in  deep  water  from  45  to  110  men  were  employed, 
where  two  capstans  worked  from  two  stagings  were  attached 
to  the  pile.  The  screws  descended  by  amounts  varying 
according  to  the  nature  of  the  soil  traversed.  Whilst  the 
pitch  of  the  screws  was  6  inches,  they  descended,  for  one 
turn,  4},  5,  6,  8,  or  9  inches,  according  as  the  soil  was  solid 
or  light.  It  was  necessary  at  some  places  to  clear  each  pile 
of  its  core,  and  to  loosen  the  sand  into  which  it  was  screwed . 
This  was  efiected  mostly  by  forcing  water  down  through 
the  piles. 

It  was  proved  by  repeated  trials,  at  the  shore-end,  that  the 
ground  was  incapable  of  supporting  more  than  700  lbs.  per 
superficial  foot.     The  bearing  of  the  piles  was,  therefore, 
supplemented   by  that  of   timber  p\fiLUottCL!&  ^oxs^^c^^^^  ^^ 
1  Scinch  square  balka,  placed  round  each,  gjcou^  ol^^^^*^^^^" 
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versely  to  the  centre  line  of  the  pier  and  Bnppoiting  tha 
piles,  which  were  fitted  with  cast-iron  discs  for  the  purpose 
of  taking  a  hearing,  on  sills  laid  longitudinally.  The  diaes 
were  fixed  in  place  on  the  piles  so  as  to  take  their  hearing  on 
the  sills  after  the  platforms  had  settled  down  under  a  proof- 
load.  The  hearing  area  of  each  platform  and  the  group  of 
screws  amounted  together  to  ahout  1,000  square  feet  at  the 
shore-end,  and  1,500  feet  in  deep  water,  so  that  the  gross 
loads  supported  per  square  foot  of  hearing  surface  were  re- 
spectively 691  Ihs.  and  718  Ihs.  per  square  foot. 

The  columns  which  rest  on  the  screw-piles  are  15  inches 
in  diameter,  of  cast  iron,  1  inch  thick,  upon  which  caps  and 
girder- heds  are  cast.  The  columns  are  15  feet  from  centre  to 
centre  longitudinally,  and  art  made  up  in  lengths  with  ex- 
ternal flanges.  The  flanges  are  faced  and  holted  together, 
making  one  continuous  length  from  the  screw  to  the  cap  on 
the  column.  The  piles  and  colunms  constituting  a  hay  are 
strutted  and  hraced  together  hy  longitudinal  and  cross 
girders,  and  horizontally  hy  channel  irons.  Diagonal  tie- 
rods  IJ  to  Ij^  inches  in  diameter,  and  angle-iron  stays,  are 
applied.  The  main  lattice-girders  over  the  15-fect  openings 
are  4  feet  deep.  There  are  three  floors  or  stages  for  lines  of 
rail  at  three  levels.  The  roadway  of  the  first  floor  is  sup- 
ported hy  cross-hearers  of  pitch  pine,  11  inches  square  at 
6-feet  centres,  riveted  to  two  vertical  angle-irons  forming  a 
pocket.  On  these  the  longitudinal  hearers  for  the  rails,  12 
inches  hy  9  inches  deep,  are  laid.  The  roadways  of  the 
second  floor  are  carried  on  corhels. 

There  are  four  sets  of  spouts  for  the  shipment  of  ores,  two 
on  each  side  of  the  pier  head.  They  are  constructed  to  meet 
the  varying  levels  in  the  rise  and  fall  of  the  tide,  and  the  dif- 
ferent heights  in  vessels.  Each  set  of  spouts  has  four  fixed 
divisions.  The  shoot  is  raised  or  lowered  hy  side  chains 
working  in  sheaves  on  a  oross-har  spindle  under  the  inner 
end,  and  iB  accosted  to  angle  ol  \^  \o  \.    k  %\^^\^  v(i<^ 
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than  this  admits  of  a  too  rapid  descent  of  the  ore.  At  a 
less  inclination,  the  ore  does  not  readily  clear  itself  from  the 
spoat.  The  quadrant  and  pinion,  with  hand-gear,  fitted  to 
the  derrick  frame  for  moving  the  spout  horizontally  over  the 
ship's  hold,  are  most  nseful  in  trimming  the  ship  daring  the 
operation  of  loading.  The  flow  of  the  mineral  from  the 
ehoot  is  regulated  by  a  door  at  its  lower  end,  as  is  usually 
done  in  the  shipment  of  coal.  The  door  is  controlled  by 
means  of  two  side  chains,  one  on  each  side  of  the  shoot, 
worked  from  two  oak  drums  fixed  on  one  spindle  working  in 
two  carriages  in  the  derrick  frame.] 


CHAPTER  IX. 

QUAY  WALLS.— DOCK  WALLS. 

The  qnay  walls  of  a  harbonr  are  required  to  fulfil  the  same 
conditions  as  the  walls  of  river  wharfs,  that  is  to  say,  to  re- 
sist the  lateral  thrust  of  the  ground,  and  to  facilitate  the  dis- 
charge of  vessels.  For  the  attainment  of  the  latter  condition, 
it  is  important  that  they  be  as  nearly  vertical  as  possible  ; 
but  in  proportion  as  this  object  is  attained,  the  stability  of 
the  wall  itself  is  diminished.  The  late  estimable  Mr.  Rennie, 
and  after  bim  the  majority  of  English  engineers,  endeavoured 
to  reconcile  the  two  conditions  by  building  their  quay  walls 
with  a  curvilinear  batter  on  both  sides,  laying  the  courses  nor- 
mally to  the  curve  as  in  Fig.  251.  By  this  means  the  stability 
of  the  wall  for  the  same  cubical  quantity  of  masonry  is  cer- 
tainly increased,  and  the  face  stones — being,  in  fact,  voussoirs 
— connect  the  masonry  intimately  throughout.  At  the  same 
time  the  mechanical  difficulty  of  execution  is  greater  than  in  a 
wall  with  horizontal  masonry,  and  this  mode  of  construction 
entails  the  necessity  of  using  inclined  piles,  which  should  be 
avoided  as  much  as  possible.  The  Dutch  engineers  occa- 
sionally incline  the  two  faces  of  the  wall  in  a  direction 
parallel  one  to  the  other,  and  so  that  they  overhang  on  the 
inner  side  at  the  top.  The  radiating  joints  in  such  cases  are 
dispensed  with  ;  but  the  stability  of  such  walls,  especially 
when  constructed  upon  soft  mud,  is  never  satisfactory,  for 
the  overhanging  portion  of  the  masonry  adds  to  the  lateral 
throat  of  the  earth  upon  that  portion  of  the  foundations  and 
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wall  below  the  centre  of  gravity.  Walls  of  this  description 
may  almost  always  be  noticed  to  bave  yielded  at  the  feet.  In 
the  French  ports  upon  the  Channel  it  ia  caetomary  to  bnild 
the  walls  nearly  vertical  in  themanner  represented  in  Fig.  262, 


ESg'.  9GL— Qiur  Won.  Kg.  tH.-QniiT  Will,HiTn. 

which  is  taken  from  the  qnay  wall  of  the  outer  harbour  at 
Havre.  The  mean  thickness  adopted  in  these  porta  is  not 
less  than  0-40  of  tbe  total  height  considered  as  nnity  ;  and, 
strange  as  it  may  appear  to  our  ideas  upon  tbe  sobject,  it  is 
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found  practically  that  this  great  thickness  is  not  sufficient  to 
insure  the  stability  of  the  walls  in  many  cases,  for  many  of 
them  have  yielded. 

The  rounded  outline  of  the  bottom  of  ships  admits  of  the 
formation  of  a  set- off,  or  of  an  apron,  to  protect  the  founda- 
tions. In  the  case  of  the  docks  at  Antwerp,  as  the  rock  in 
which  they  were  excavated  was  sufficiently  solid  to  dispense 
with  the  necessity  of  a  facing  of  masonry,  the  set-off  was 
formed  in  the  rock  itself.  This  is,  however,  a  course  of  pro- 
ceeding which  should  only  be  resorted  to  when  there  can  be 
no  danger  of  the  undermining  of  the  walls. 

The  thickness  to  be  given  to  the  quay  walls,  and  the  pre- 
cise mode  of  construction  to  be  adopted,  must  evidently,  from 
what  has  been  said  above,  depend  upon  local  considerations 
of  the  cost  of  materials  and  of  labour.  The  most  important 
theoretical  consideration  affecting  them  is  to  be  found  in  the 
fact  that  the  earth  behind  them  is  exposed  to  be  alternately 
wet  and  dry  twice  a  day,  and  that  the  capillary  action  of  the 
ground  causes  this  action  to  rise  to  a  greater  height  than  the 
limits  of  the  tidal  range.  The  earth  in  this  condition  must 
be  considered  to  be  a  semifluid  mass  assuming  naturally  a 
slope  forming  an  acute  angle  with  the  horizontal  line.  But 
the  most  serious  difficulty  attending  the  construction  of  the 
quay  walls  of  ports  arises  from  the  yielding  of  the  mud  under 
the  foundations.  If  the  mud  lie  upon  a  solid  substratum 
which  can  be  reached  by  piles,  it  is  possible  to  found  the 
wall  in  such  a  manner  as  to  guarantee  it  from  any  danger 
arising  exclusively  from  the  vertical  pressure.  But  it  fre- 
quently happens  that  the  mud  moves  laterally  under  the  com- 
pression of  the  earthwork  behind  the  walls,  driving  out  their 
foundations,  and  forcing  up  the  bed  of  the  harbour.  Accidents 
of  this  description  occurred  at  Southampton,  Lorient,  and 
Bochefoii ;  and  it  appears  that  if  the  stratum  of  mud  be  of 
great  ihickness,  the  only  eSedu^  mo^«  qC  combating  the 
danger  is  to  lighten  the  ^erUcai  '^Teftwix^  ol  >JMk  ^vci^Xi^StsssA 
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the  walls  by  means  of  fascines,  timber  platforms,  or  by  hollow 
vaulting.  The  quay  at  Lorient  is  erected  upon  a  bed  of  mad 
of  unfathomable  depth,  and  in  this  case  both  the  wall  and 
the  platform  behind  it  are  carried  upon  piles  driven  with  the 
broad  end  downwards. 

Guard  piles  ought  to  be  placed  in  front  of  quay  walls  to 
protect  them  from  the  abrasion  of  the  vessels  moored  along- 
side as  they  rise  and  fall  with  the  tide,  or  from  the  shocks  of 
vessels  driven  against  the  walls,  occasionally  with  consider- 
able violence.  These  piles  need  not  descend  below  low-water 
mark  of  neap  tides ;  they  are  usually  bolted  to  the  masonry, 
and  covered  with  an  iron  cap.  In  the  angles  of  harbours, 
staircases  or  inclined  roads  may  be  placed,  to  assist  in  un- 
loading small  boats.  The  only  important  precautions  to  be 
observed  in  their  formation  are,  that  all  external  arrises  be 
rounded  off,  and  every  description  of  projection  likely  to 
injure  the  bottoms  of  vessels  studiously  avoided.  The  same 
remarks  apply  to  all  ladders,  mooring  rings,  or  other  facilities 
for  the  manoeuvres  of  the  port. 

[The  lock  walls  of  the  Victoria  (London)  Docks  afford  an 
instance  of  iron  framework  and  masses  of  concrete  in  com- 
bination, similar  to  that  employed  in  the  construction  of  the 
Brunswick  Wharf,  Blackwall.  The  piles  are  arranged  in  bays 
87  feet  8  inches  in  length,  7  feet  1  inch  from  centre  to  centre 
of  the  main  piles.  The  intervening  space  is  occupied  for  a 
depth  of  16  feet  from  the  top  by  three  cast-iron  plates,  re- 
tained laterally  by  the  edges  of  the  main  piles.  The  lower 
intervening  space  is  occupied  by  cast-iron  sheet  piles  20  feet 
long,  three  in  each  bay.  In  the  rear  of  each  main  pile, 
18  feet  distant  from  it,  a  timber  land- tie  20  feet  long  is  driven. 
It  is  connected  by  tie-bolts  to  the  main  pile,  and  the  inter- 
space is  occupied  by  concrete  walling. 

To  Mr.  B.  B.  Stoney  must  be  assigned  the  merit  of  develop- 
in^  to  the  falleat  extent  the  capaciiiea  ol  V\\^  «^%V«ai  ^\  <i«^- 
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Crete  work  for  the  construction  of  large  stmctnres  in  the 
sea.  In  1861  he  designed  and  proceeded  with  the  execution 
of  quay  walls  forming  a  portion  of  a  large  tidal  basin  and 
other  works  at  the  port  of  Dablin,  with  artificial  blocks  of 
large  size,  containing  nearly  5,000  cubic  feet  of  material, 
weighing  850  tons.  The  blocks,  when  laid  in  place,  reach 
from  a  depth  of  24  feet  below  equinoctial  low  water  to  3  feet 
above  that  level,  being  27  feet  high.  They  are  21  feet 
4  inches  wide  at  the  b^e,  and  12  feet  long  in  the  direction  of 
the  wall;  and,  when  set  in  place,  a  length  of  12  lineal  feet  of 
the  quay  is  laid,  at  one  operation,  up  to  ordinary  low- water 
level.  The  upper  portion  of  the  wall,  15  feet  10  inches  in 
height  above  low- water  level,  is  built  of  concrete  in  the  asnal 
manner  by  tidal  work,  and  is  faced  with  granite  ashlar  to 
offer  a  smooth  bearing  for  ships.  It  is  coped  with  granite 
in  blocks  of  from  2  tons  to  4  tons.  The  total  height  of  the 
wall  is  42  feet  10  inches.  Vertical  grooves,  8  feet  wide  and 
18  inches  deep,  are  made  in  the  sides  of  each  block,  so  as  to 

•  

form  a  well  8  feet  square  between  every  two  blocks.  This 
well  is  filled  with  concrete  which  acts  as  a  dowel,  and  effec- 
tually closes  up  the  blocks.  The  concrete  consists  of  1  part 
of  Portland  cement  to  7  of  harbour  ballast.  The  outer  face 
of  each  block  is  formed  of  calp  limestone  quarried  near 
Dublin,  having  smooth  joints,  easily  squared.  The  form  for 
the  sides  and  back  of  the  block  is  moulded  in  planking,  and 
the  hearting  consists  of  rough  stones  weighing  from  2  tons 
downwards,  about  which  the  concrete  is  packed  by  means  of 
tamping  irons.  The  blocks  were  manufactured  on  a  side 
stage,  and  were  removed  and  placed  by  means  of  floating 
shears  constructed  for  the  purpose.  The  cost  of  the  quay 
wall  so  constructed,  48  feet  high,  amounts  to  JC84  per  lineal 
foot,  or  to  £40  per  foot  including  £(j  for  interest  on  plant. 
Mr.  Stoney  estimates  that  the  cost,  if  built  in  the  ordinary 
manner  by  coffer-dam,  would  be  more  than  twice  this  sum. 
Contrasting  with  Mr.  Stoney's  monolithic  system,  the  con- 
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BtroctionofMr.  Bmnlees'  dock  walls  at  Avonmontb,  Fig.  258, 
ma;  be  referred  to.     The  walls  were  bnilt  in  a  trench,  on 


each  side  of  whicb  piles  were  driven.    Stretchers  were  intro- 
doced  as  the  excavated  material  was  removed.     The  fonnda- 
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tioos  wore  of  blue  lias  concrete  laid  to  a  depth  generally  of 
6  feet  below  the  level  of  the  floor  of  the  docks,  and  4  feai 
thick.  At  other  places,  where  the  ground  was  a  weak  clay, 
the  foundation  of  concrete  was  carried  down  to  the  sand  to 
various  depths  down  to  17  feet  below  the  floor,  as  indicated 
by  dot  lines  in  the  figure.  On  the  blue  lias  concrete,  2  feet 
below  the  floor  of  the  dock,  the  wall  was  built  of  Portland 
cement  concrete  mixed  with  rough  blocks,  faced  with  ashlar 
work  in  Pennant  stone,  to  a  height  of  18  feet  above  the  floor. 
The  concrete  was  tipped  into  the  excavation  from  the  snr&ee, 
out  of  barrows,  and  at  the  back  it  was  rammed  against  the 
piles  and  poling  boards.  The  front  of  the  wall  was  carried 
up  in  ashlar,  averaging  2  feet  in  thickness,  at  the  same  rate 
at  which  the  cement  concrete  was  put  in.  The  upper  part 
of  the  wall  was  backed  with  coursed  rubble  of  the  ordinary 
description.  £y  building  the  lower  part  of  the  wall  in  con- 
crete, and  the  upper  in  rubble,  time  was  saved  as  well  as  cost. 
The  concrete  set  more  quickly  than  rubble,  and  in  ground 
easily  affected  by  wet  weather  and  liable  to  settlement  that 
was  a  matter  of  great  importance.  The  total  height  of  the 
wall  above  the  foundation  is  42  feet.  The  thickness  at  the 
base  is  17  feet,  and  that  at  the  top  is  7  feet.  The  foundation 
is  20  feet  wide. 

The  quay  walls  of  the  Albert  Docks,  Hull,  opened  in  1869, 
were  constructed  of  sandstone  masonry.  The  foreshore  near 
the  quay  is  covered  with  a  deposit  of  Humber  silt,  or,  as  it 
is  locally  called,  warp,  in  some  places  80  foot  thick.  This 
deposit  thins  out  towards  the  water-line,  and  is  succeeded 
by  a  bed  of  peat  of  from  2  feet  to  8  feet  thick.  Beneath  the 
peat  there  are  two  beds  of  clay,  separated  by  a  bed  of  sand. 
The  western  wall.  Fig.  254,  was  founded  in  the  sand  at  a 
depth  of  8  feet  below  the  bottom  of  the  dock,  on  a  bed  of 
concrete,  defended  by  sheet  piling  in  front.  On  the  north 
Bide,  where  the  sand  thinnod  out,  the  masonry  was  placed 
on  the  clay  direct,  wilbont  conctciVfe  ot  ^^^\»  ^^m^*   '^j^ 
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BMtiott  adopted  for  the  Bonth  wall,  after  a  failnre.  of  the 
bank  had  taken  place  there,  are  Bhown  in  Fig.  266.  For  the 
west  end,  where  the  sand  extended  to  19  feet  below  the 
bottom  of  the  dock,  two  rows  of  close  sheet  piles  were 
driven  20  feet  9  inches  apart,  the  back  row  being  26  feet 
long,  and  the  front  row  IS  feet  long.  The  sand  was  exca- 
vated to  a  depth  of  8  feet  below  the  bottom  of  the  dock,  and 
was  replaced  by  concrete  up  to  a  level  of  4  feet  below  the 
bottom.  At  other  places,  where  the  wall  rests  direct  on  clay, 
sheet  piling  is  only  driven  at  the  back  of  the  foundation  into 
the  sand. 


Fie.  SW.-IXwk  Will,  HnU. 


The  foundations  of  the  walls  of  Junction  Dock,  at  Hull, 
opened  in  1829,  were  laid  entirely  on  piles  driven  into  loose 
soil,  as  sketched  in  Fig.  26,  page  44.  The  modem  practice 
of  distributed  foundations  on  concrete,  in  snbstitntion  for 
troublesome  and  costly  rows  of  piles,  as  exempUfied  in  the 
most  recent  dockwork  at  Hull,  affords  a  pleasing  contrast. 

In  the  construction  of  the  Marseilles  docks.  Fig.  256,  the 
qnay  walls  were  built  of  blocks  of  concrete  on  a  rubble  base. 
At  a  depth  of  19  feet  8  inches  below  low  water  a  rubble  em- 
bankment is  formed,  having  a  base  about  26  feet  in  width, 
with  slopes  of  2  to  I.  On  this  foundation  a  wall,  conBialing 
of  four  courses  of  blocks  of  concrete,  la  \roJi\,.  "?iajtNi'ys«i»fc'>-* 
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aboot  5  feet  deep,  and  the  four  coiir§eB  make  a  total  hoigbt 
of  10  feet  6  incheB  to  the  water  level.  These  conrseB  were 
loaded  with  two  loose  courses  of  similar  blocks  for  six  monthi 
in  order  to  settle  the  bank ;  after  which  they  were  removed, 
and  the  wall  was  built  up  about  8  feet  more,  to  the  level  of 
the  quay.  The  width  of  these  blocks  is  about  11  feet.  The 
bank  of  mbble  is  carried  up  behmd  the  wall  to  the  level  of 
the  upper  blocks  of  concrete  In  several  places  the  embank- 
ment beneath  the  wall  moved  by  slipping  forward  and  canring 
the  walls  to  lean  over  into  the  docks.  The  heap  of  stones 
piled  up  on  the  back  of  the  wall  appears  to  be  well  adapted 
for  thrusting  the  wall  outwards 


Fig.  asfl  -  Qmy  Wall,  Mk™biU»  Bocki 

The  quality  of  a  dock  wall  is  of  little  importance  ( 
with  the  quantity.  It  must  have  weight  to  enable  it  to 
resist  the  chafing  and  bumping  of  large  vessels,  and  it  should 
be  sufficiently  strong  not  only  to  hold  any  amonnt  of  any 
kind  of  backing  laid  ngainst  it,  but  to  carry  a  head  of  water 
equal  to  its  height  if  it  were  lofl  dry  on  the  other  side.  The 
section,  as  a  section,  may  be  amply  strong,  and  yet  there 
may  be  a  fault  in  the  foundation.  Mr.  Alfred  Giles  mentions 
a  dock  wall  erected  by  him,  which  had  a  width  of  26  foet  at 
the  base  resting  on  gravel,  and  a  height  of  forty  feet  above 
the  bottom  of  the  tideway  to  the  coping.  That  wall  moved, 
though  not  seriously,  but  enough  to  show  that  a  base  of 
26  feet  was  not  sufficient  for  a  wall  of  that  height.  Founded 
OB  gravel  5  or  6  feet  deep,  ttievitiV  4^4  ■a'j\,isiQ'ja-,\iTi\.^\ia'a 
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there  was  only  8  feet  of  gravel  on  a  substratam  of  clay  the 
clay  moved,  and  the  wall  slid  forward  some  inches.  The 
walls  of  locks,  fortified  by  inverts,  do  not  slide.  The  in- 
ference is  that  if  a  mass  of  concrete  or  other  heavy  deposit 
were  laid  in  front  of  the  wall  at  the  base  the  wall  would  not 
move  ;  or  if  a  wall  be  well  founded  on  a  wide  base  of  rubble, 
like  the  wall  at  Marseilles,  to  provide  a  non- slipping  founda- 
tion, wanting  the  pile  of  rubble  backing  thus  applied,  the 
conditions  of  stability  would  be  met. 

This  argument  leads  to  the  consideration  of  two  illustrative 
instances  in  point.  Mr.  James  Barton's  quay  at  Greenore, 
Fig.  257,  has  a  total  height  of  47  feet  6  inches  ;  it  is  15  feet 
wide  at  the  base  and  7  feet  9  inches  wide  at  the  top,  with  a 
batter  of  1  in  9.  It  is  founded  21^  feet  below  low  water; 
there  is  a  rise  of  tide  of  16  feet,  and  the  top  of  the  wall 
stands  10  feet  above  high  water.  The  bottom  generally 
consists  of  sand  and  gravel,  but  there  is  a  short  length  of 
rock.  The  ground  was  dredged  to  a  depth  of  about  4^  feet, 
and  the  bottom  was  levelled  by  divers  as  the  work  pro- 
ceeded. The  wall  was  faced  with  concrete  blocks,  weighing 
8^  tons,  laid  header  and  stretcher.  The  blocks  were  8^  feet 
deep  for  the  two  lowermost  courses,  and  8  feet  deep  upwards ; 
the  width  of  the  wall  was  alternately  4  feet  2  inches  and 
2  feet  10  inches.  The  back  of  the  wall  was  built  of  soft 
concrete  in  bags,  each  containing  a  cubic  yard ;  the  use  of 
which  was  initiated  in  September,  1870.  The  bags  were 
dropped  from  skips  through  the  bottom,  which  was  opened 
for  the  purpose,  and  adjusted  by  divers.  The  bags  fitted  to 
each  other  and  to  the  hearting  of  soft  concrete  which  was 
deposited  from  skips  without  bags.  At  the  toe  of  the  wall,  a 
protecting  body  of  blue  clay  puddle  is  bedded,  2}  feet  deep, 
to  prevent  the  escape  of  sand,  covered  by  a  layer  of  rubble 
stones  2  feet  deep,  extending  15  feet  in  width  from  the  face 
of  the  wall.  Mr.  Barton  considers  that  the  face  of  the  wall 
might  very  well  have  been  consiTTXcie^  oi  \i^%^  ^^  ^wi<ix^5^fe^ 
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like  the  busk,  instead  of 
regular  blocks  of  eonenta, 
vhich  demanded  exact  ti- 
jastmeDt. 

The  last  eection  of  tli> 
qnay  wall,  200  feet  long, 
inclnding  the  rfltarn  waB 
which  faced  the  littoral  eat- 
rent,  was,  under  low  water, 
furmed  of  blocks  of  con- 
crete, weighing  100  Una 
each,  as  shown  in  Fig.  258. 
They  were  fonned  in  monldi 
coDBtractod  of  8-inch  planks, 
just  above  low  water,  and 
their  eize  was  regulated  by 
the  fact  that  they  were  te 
bo  lifted  by  flotation  before 
high  water.  Each  blofk 
was  of  the  entire  thickness, 
and  was  10  feet  long  in  the 
face  of  the  wall.  The  coat 
of  the  qnny  wall,  840  feet 
long,  averaging  45  feet  in 
height,  ioclnding  fenders, 
excluding  the  dredging  o( 
the  site,  was  at  the  rate  of 
£27  8s.  per  lineal  yard. 

With  resi«ct  to  the  nee 
of  bags  of  concrete  for  suh- 
marino  conatruction,  there 
is  no  difficulty  in  effecting 
a  good  jointing  between  the 
bags.     They  are  easily  ad- 
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very  solid  work.  A  cnrious  illastration  occurred  on  the  ooaet 
of  Holland,  where  a  sailing  vessel  laden  with  bags  of  Portland 
cement  fonndered  close  to  the  coast.  "When,  two  or  three 
weeks  later,  the  bags  wore  recovered  and  hroaght  on  shore, 
the  cement  in  every  hag  had  hecome  solid,  and  the  solid  hod 
aasnmed  the  precise  form  of  the  bag,  even  to  the  weft  and 
woof.  It  had  to  be  broken  up  and  used  as  macadam. 
The  water,  of  coarse,  had  penetrated  into  the  body  of  the 
cement. 

The   second   illastrative   instance  of  a  quay  wall  stably 


Eig.  iW.— Out  WsU.  Bt.  Lonla  CuuO. 

founded  is  the  qnay  wall,  Fig.  269,  at  the  month  of  the  Rhone, 
facing  the  entrance  to  the  St.  Lonia  Canal.  The  wall,  1 1  feet 
thick,  is  composed  of  fonr  blocks  of  ooocrete,  each  11  feet 
long,  8  feet  7  inches  wide,  and  4  feet  1  inch  deep,  on  a  base 
of  rubble  6i  feet  deep  and  26  feet  wide.  The  concrete  wall 
was  provisionally  loaded  with  tiers  of  blocks  before  the 
supers truoture  was  added,  a  precaution  generally  practised 
by  French  engineers  to  prevent  undue  Bett\ftiii«Ti\„  Txi^-^^^ 
ia  aarmounted  by  a  superstnictate  ot  iab\>\«  ta.dfti'^^'*^^'*''^ 
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8i  feet  high  and  9^  feet  wide.  The  cost  of  the  wall  amounted 
to  £48  per  lineal  yard,  including  dredging,  staging,  and 
loading. 

From  the  foregoing  discussions,  it  is  apparent  that,  in  many 
situations,  foundations  are  laid  and  constructed  without  the 
■  aid  of  coffer-dams.  The  French  engineers  resorted  to  the 
system  introduced  hy  M.  Vicat  so  long  since  as  1818.  This 
system  consists  in  forming  enclosures  of  sheet-piling  np  to 
low-water  level  and  filling  in  with  hydraulic  concrete,  on 
which  the  piers  are  huilt  in  the  usual  manner.  Messrs.  BeU 
and  Miller,  it  has  heen  noticed,"^  constructed,  ahont  the  year 
1862,  sea  walls  and  quays  in  deep  water  without  the  aid  of 
coffer-dams :  forming  the  walls  under  low  water  of  a  com- 
bination of  cast-iron  guide-piles  in  the  front,  with  a  con- 
tinuous stone  facing,  which  is  slid  down  and  over  the  piles, 
enclosing  them,  and  of  concrete  backing  deposited  in  a  soft 
state. 

Mr.  T.  E.  Harrison,  in  1870,  adopted  the  plan  of  building 
a  quay  wall,  where  there  was  80  feet  depth  of  water  at  low 
water,  upon  cylinders,  and  arches  between  the  cylinders, 
with  sheet-piling  of  cast  iron  at  the  back. 

Mr.  J.  F.  Bateman  adopted  the  system  of  brick-cylinder 
foundations  for  the  Plantation  Quay  at  Glasgow,  where  there 
was  a  depth  of  from  50  to  80  feet  of  quicksand.  A  coffer- 
dam to  get  down  to  the  rock  was  out  of  the  question.  The 
cylinders  ho  employed  were  12  feet  in  diameter  externally, 
built  in  a  succession  of  rings  of  brick  and  Portland  cement, 
the  rings  being  each  2^  feet  deep  and  2.^  feet  in  width  of 
rim.  The  cylinders  are  grooved  and  tongued  into  each 
other,  and  are  straight  and  vertical.  The  average  depth  to 
which  they  were  sunk  is  62  feet  4  inches  below  the  surface. 
Each  ring  of  which  the  cylinder  was  composed  was  9  tons 
in  weight,  and  the  rings  were  placed  one  above  the  other  to 
weight  the  cylinder  and  send  \l  do^m.     When  extra  weight 
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was  required,  iron  rings  5  inchea  thick  and  of  5  or  6  tons 
weight  were  added.  The  excavation  was  accomplished  by 
means  of  Mr.  Milroy'e  excavator. 

Wharves  or  qnays  of  timber  are  exemplified  in  Fig.  260. 
It  forms  the  face  of  a  part  of  the  embankment  near  the 


Fig.  MO.— Timber  Whai^  Albert  Docki,  BalL 

Albert  Docks,  Hull,  fronting  the  Humber.  It  is  16  feet 
wide,  and  the  floor  stands  6  feet  above  high  water.  It  is 
GonHtracted  on  two  rows  of  piles,  with  Bbeet-piling  behind 
the  front  tow.  The  back  row  of  piles  is  tied  back  to  a  third 
row,] 


CHAPTER  X. 

DOCKS. 

[A  DOCK  is  a  receptacle  for  ships.  There  are  wet  dockt,  in 
which  the  ships  float  at  all  times  of  the  tide,  for  loading 
cargo  or  unloading  it.  They  have  heen  called  **  floating 
docks  **  also,  hut  "  wet  docks  **  is  the  better  designation. 
There  are  dry  docks,  graving  docksj  or  repairing  docks,  for 
the  cleaning  and  the  repair  of  ships.  There  are  also  floating 
dry  d^jcks,  commonly  called  floating  docks,  an  expression  now 
employed  to  signify  a  dock  which  floats,  and  carries  a  ship 
in  it  or  upon  it.  Here  it  may  be  noted  that  the  expression 
*'  floating  dock  "  has  drifted  from  its  original  signification. 

The  port  of  Liverpool  is  now  the  chief  port  in  the  empire. 
The  power  to  construct  the  first  dock  in  Liverpool  was  given 
by  the  Dock  Act  of  1700.  Subsequently  it  was  known  as 
the  Old  Dock,  and  the  level  of  its  sill  was  adopted,  and  has 
been  used  ever  since,  as  the  established  datum  of  the  port. 
It  was  a  very  humble  beginning,  not  more  than  8}  acres  in 
extent ;  but  it  is  worthy  of  observation,  from  the  fact  that  it 
is  one  of  the  first  recorded  instances  of  the  application  of 
gates  to  a  dock  for  the  retention  of  water  within  it  at  all 
times  at  a  nearly  uniform  level,  to  complete  it  as  a  wet  dock. 
To  the  engineer  of  the  dock,  Mr.  Thomas  Steers,  is  due  the 
honour  of  being  one  of  the  first  to  introduce  dock  gates. 
During  the  first  hundred  years  from  the  opening  of  the  Old 
Dock,  little  progress  was  made  at  Liverpool  in  dock  works. 
lu  1810,  tbo  total  wot-dock  utetit  y««&  o\i\^  ^V  %ax«^.    ^w 
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1825,  nine  years  later,  it  was  extended  to  47  acres ;  in  1846, 
to  108  acres  ;  in  1861 ,  to  220  acres.  The  new  works  now 
in  course  of  construction  at  the  northern  and  southern  ends 
of  the  Dock  estate  comprise,  at  the  north  end,  a  half- tide 
dock  of  18  acres,  having  two  lock  entrances,  with  an  open 
basin  direct  from  the  Mersey;  a  great  dock  with  three 
branches  leading  out  of  it,  of  an  aggregate  area  of  43  acres, 
and  specially  intended  for  the  use  of  the  large  ocean-going 
steamship  trade  ;  an  18-acre  dock  for  the  accommodation  of 
the  coal  trade ;  a  repairing  dock  of  8  acres ;  and  2  graving 
docks.  The  new  docks  at  the  south  end  will  include 
special  provision  for  the  local  carrying,  import,  and  other 
trades,  of  82  acres.  The  total  additions,  north  and  south, 
will  amount  to  114  acres  of  wet-dock  area,  with  nearly 
6  miles  of  quayage.  On  the  completion  of  these  great  works, 
the  area  of  the  wet  docks  in  Liverpool  will  amount  to  865 
acres,  with  24  miles  of  quayage.  The  Birkenhead  docks 
exhibit  a  total  of  160  acres,  with  0  miles  of  quayage. 
Taken  together,  the  total  wet-dock  area  in  the  estate  of* 
the  Mersey  Docks  and  Harbour  Board  will  amount  to  525 
acres,  or  upwards  of  four-fifths  of  a  square  mile,  with  a 
lineal  quay  frontage  of  88  miles.  The  general  plan  of  the 
docks  at  Liverpool  and  Birkenhead  is  exhibited  in  Fig.  261 ; 
and  a  table  of  dimensions  and  proportions  of  the  Liverpool 
docks  is  added,  page  456.* 

*  The  Editor  ia  indebted  for  this  hifltorical  information  about  Liyer- 
pool  Docks  to  the  Address  of  Mr.  J.  F.  Bateman,  President  of  the  In- 
stitution of  Civil  Engineers,  published  in  the  Proe$eding$t  vol.  lii.  p.  15  ; 
for  the  general  plan  to  Mr.  J.  N.  Shoolbred's  paper  on  the  '*  River 
Mersey  and  its  Estuary,"  in  the  Proceedings,  toI.  xlvi.  p.  21 ;  and  for 
the  tabulated  particulars  to  Mr.  J.  B.  Redman's  Chatham  Lectures  on 
Marine  Engineering. 
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The  form  of  the  enclosed  area  of  a  wet  dock  is  governed 
by  the  conditions  of  the  site.  The  square  dock  is  the 
least  costly,  requiring  the  shortest  length  of  wharfing  for  a 
given  area.  But  it  presents  of  course  the  minimum  length 
of  quay  accommodation  for  the  area,  which  is  a  disadvan- 
tage. The  oblong  rectangle  is  more  serviceable.  The 
earliest  docks  in  the  metropolis — the  West  India  Docks — 
present  the  proportion  of  length  to  breadth  as  5  or  6  to  1, 
and  they  have  the  reputation  of  being  the  most  convenient 
docks  in  the  river. 

The  entrances  to  docks  are  amongst  the  earliest  subjects 
for  consideration  in  the  design  of  docks,  especially  on  a 
rapid  tideway.  Respecting  the  best  form  and  direction  for 
the  entrance,  the  entrance  should  be  placed  at  such  an  angle 
to  the  course  of  the  tide  that  ships  may  be  docked  with 
facility — an  acute  angle  pointing  to  the  flood,  that  is,  point- 
ing upwards.  But,  for  undocking  a  vessel,  she  is  brought 
out  head  first ;  and  if  the  entrance  point  up  stream,  she 
would  be  liable  to  kant  in  the  wrong  direction.  A  direction 
nearly  square  to  the  stream  is  recommended  as  the  best  for 
wet  docks ;  or  an  acute  angle  of  60^  with  the  flood.  The 
direction  is  of  less  importance  if  there  be  made  a  great  width 
at  the  entrance,  by  rounding  or  splaying  the  wings. 

The  next  question  afifecting  the  approaches  is  the  design 
of  the  lock,  whether  it  should  be  single  or  double ;  that  is, 
whether  it  should  be  provided  with  two  pairs  of  gates  or 
three  pairs,  and  whether  there  should  be  an  outer  half-tide 
basin  for  the  accommodation  of  vessds  entering  and  de- 
parting in  one  tide,  so  that  the  operation  of  docking  and 
nndocking  should  not  affect  the  level  of  water  in  the  docks. 

For  the  construction  of  the  dock,  the  excavation  is  to  be 
considered,  and  the  formation  of  the  quay  banks  beyond 
the  dock  walls ;  also  the  preliminary  borings  to  ascertain  the 
nature  of  the  strata  below  the  lowest  work ;  pumping  water 
from  the  excavation  whilst  in  prog;te8B\  coSfi;t•^ASsi^)^sAS^^^ 
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be  laid  in  thin  conrses  well  rammed.  When  gravel  is  ex- 
cavated a  backing  of  thin  concrete  relieves  the  walls  very 
much  of  ondue  pressure  from  freshly  deposited  backing 
material. 

To  prevent  access  of  tidal  water  under  the  aprons  of  locks, 
where  arched  inverts  have  been  dispensed  with,  it  has  been 
customary  to  drive  rows  of  sheet-piling  at  the  outer  and 
inner  margins  of  the  apron,  and  across  the  apron  at  the 
pointing  sill,  down  to  the  solid  substratum.  Thus  the 
passage  laterally  of  subterranean  water  is  prevented.  But 
many  looks  and  docks  are  now  built  without  any  sheet- 
piling,  on  a  mass  of  concrete  stepped  down  lower  at  the 
pointing  sills,  to  effect  the  same  object  as  that  of  sheet-piling, 
namely,  to  do  away  with  a  straight  horizontal  joint  under 
the  work,  and  to  cut  off  the  water,  and  also  to  support  the 
weight  of  the  gates. 

The  application  of  hydraulic  power  for  moving  gates  and 
swing-bridges  at  docks  is  very  generally  resorted  to.  But 
it  is  not  to  be  taken  as  of  universal  application,  for  it  would 
be  quite  inexpedient  in  a  dock  where  the  trade  is  small  and 
the  opening  of  the  gates  infrequent,  or  in  the  case  of  a  swing- 
bridge  that  is  opened  only  once  or  twice  a  day.  Where 
there  is  a  large  traffic,  it  is  a  great  advantage  to  be  able  to 
open  the  gates  in  a  minute  and  a  half,  especially  in  spring 
tides,  when  the  tides  remain  only  for  a  short  time  on  a  level ; 
and  frequently,  from  there  being  a  pressure  of  shipping,  it  is 
of  the  greatest  importance  to  work  the  lock  to  the  latest 
moment.  Another  useful  application  of  hydraulic  power  is 
to  work  capstans  on  pier-heads.  A  capstan  may  require 
thirty  or  forty  men  to  work  it ;  the  confusion  and  labour  are 
avoided  by  the  substitution  of  hydraulic  machinery. 

An  excellent  typical  example  of  docks  designed  and  con- 
structed according  to  modem  practice  is  well  described  and 
illustrated  by  Mr.  L.  F.  Yemon  Haroourt — ^the  New  South 
Dock  in  the  Isle  of  Dogs,  forming  part  of  the  West  India 
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the  snr&ce  of  the  quay  is  5  feet  10^  inchea  above  this 
level ;  making  a  total  height  of  94  feet  10^  inches.  On 
the  Dorth  side  of  the  dock  there  are  sixteen  jetties,  afford- 
ing  accommodatioD  for  82  Tesacls.  Down  the  centre  of  the 
dock  a  line  of  baoys,  one  opposite  each  jetty,  is  laid  for 
the  purpose  of  mooring  the  veesels.  The  dock  walls, 
Figs.  263  and  264,  are  of  brick,  built  hollow,  and  filled  with 
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Fig.ies.        TTcw  South  Dock  WiU.       Fig.  164. 

concrete.  They  are  built  on  a  foundation  of  concrete, 
varied  in  thickness  according  to  the  natnre  of  the  soil. 
The  total  thickness  of  the  wall  at  the  base  is  IS  feet.  The 
front,  the  back,  and  the  cross  walls  are  of  brick,  bonded 
with  hoop-iron.  The  iront  is  8i  feet  thick,  the  cross  walls 
2  feet  4  inches  thick,  and  10  feet  apart ;  and  the  back 
14  inches  thick,  its  function  being  chiefly  to  keep  the 
concrete  filling  in  place  until  it  becomes  consolidated.  The 
face-work  is  built  of  best  picked  London  stock-bricks,  and 
the  rest  of  the  brickwork  of  ordinary  stock-bricks.  The 
wall  is  coped  throngbont  with  Bramley  Fall  Stone,  18  inches 
thick  and  8  feet  wide,  dowelled  with  slate  dowels,  4  incfaea 


462  THE    RUDIMENTS   OF   CIVIL  ENGINEBRIKO. 

square,  run  in  with  Portland  cemont.  Lias  lime  was  lued 
in  the  concrete  and  the  mortar  np  to  a  level  of  6  feet  aboia 
the  foundations.  For  the  remainder  of  the  wall  greystone 
limestone  was  employed.  The  hatter  of  the  walls  is  1  in  12. 
The  floor  of  the  dock  is  covered  throughout  with  a  layer  of 
puddle  18  inches  thick. 

The  jetties  are  180  feet  long  and  25  feet  wide,  and  are  of 
Baltic  timber.  They  are  formed  of  upright  timber  fixed  to 
longitudinal  sills,  strutted  diagonally,  with  longitudinal  joists 
at  the  top,  covered  with  4-inch  planks.  The  sides  and  ends 
of  the  jetties  are  protected  with  vertical  fenders  of  American 
white  rock-elm. 

As  the  sills  of  the  old  lock  of  the  City  Canal,  at  the  west 
entrance,  are  6  feet  higher  than  the  bottom  of  the  dock,  a 
row  of  sheet-piling  was  driven  across  the  end  of  the  old 
lock  where  it  joins  the  dock,  to  prevent  the  sills  being 
undermined.  The  ground  was  sloped  from  the  top  of  the 
sheet-piling,  at  the  level  of  the  bottom  of  the  lock,  down  to 
the  bottom  of  the  dock,  protected  by  Bramley  Fall  pitching. 

The  dock  is  separated  from  the  basin  by  a  passage,  176 
feet  long  and  55  feet  wide,  which  being  constructed  with 
two  pairs  of  gates,  reversed,  admits  of  the  level  of  the  water 
in  the  dock  or  in  the  basin  to  be  raised  or  lowered  inde- 
pendently of  each  other — an  object  of  importance  for  the 
satisfactory  working  of  the  two  entrances,  for  high  water 
does  not  occur  at  both  ends  at  the  same  time.  The  founda- 
tions of  the  walls  and  the  floor  of  the  passage  are  of  concrete, 
carried  to  a  depth  of  18  feet  below  the  bottom,  under  the 
sills  and  walls  of  the  dock,  and  in  line  with  the  sills  for  a 
width  of  17  feet.  The  gate  floors  and  aprons  are  on  a  level 
with  the  bottom  of  the  dock  and  basin ;  and  the  level  of  the 
sills  is  2  feet  higher,  or  27  feet  below  Trinity  high- water 
mark.  The  floor  of  the  passage  is  a  pavement  of  ashlar 
masonry,  2^  feet  thick  at  the  gates  and  2  feet  thick  elsc- 
wbere,  except  at  each  end,  where  a  course  of  headers  and 


stretcbera,  8  feet  thick,  ia  carried  right 
across.  The  walls  of  the  passage  are  of 
solid  brickwork,  with  the  exception  of 
the  portion  forming  the  fonndation  of 
the  swing-bridge,  over  the  centre  of  the 
paseage,  where  concrete  has  been  intro- 
daoed.  The  heel-poBt  Btones,  tbe  hollow 
quoins,  and  the  sills  are  of  granite  ;  the 
reminder  of  the  stonework  ia  Bramley  ] 
Fall.  There  are  two  capatana  at  each  j- 
end  of  the  passage  for  hauling  veasels 
thiongb  it. 

The  gates  of  the  passage,  Fig.  266,  are 
of  iron,  with  the  exception  of  tbe  heel- 
posts,  meeting-poata,  and  sill -pieces , 
which  are  of  greenbeart  timber.  Tbe 
gates  are  cellular,  having  two  plate-iron 
skins  separated  by  and  riveted  to  hori- 
zontal and  vertical  ribs.  The  skina  are 
formed  with  an  outward  curratore,  but 
the  sill-piece  is  straight,  to  fit  the  side. 
Tbe  ail)  of  the  lock  ia  of  granite,  formed 
in  two  straight  lines  meeting  at  a  point 
in  the  centre  of  the  passage,  and  making 
together  an  angle  of  126°.  The  heel- 
post  works  on  a  steel  pivot  12  inches 
in  diameter,  let  into  tbe  heel-post  atone. 
Each  gate  is  also  supported  by  a  rollei, 
at  a  distance  of  26  feet  8  inches  &om  the 
heel-post,  ranning  on  a  caat-iron  roller- 
path.  The  gates  are  secured  at  the  top 
to  the  walls  by  strong  iron  anchors  let 
into  the  masonry.  After  having  been 
erected,  the  gatea  were  so  far  filled  with 
water   as  to  eonnterbalonce  their  ten- 
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dency  to  float.  There  are  three  sluices  at  the  lower  part 
of  each  gate,  for  adjusting  the  levels  of  the  water  in  the 
dock  and  in  the  basin.  The  gates  are  opened  and  closed  bj 
means  of  chains  passing  over  cast-iron  rollers  fixed  in  roller- 
boxes  at  the  bottom  of  the  chain-passages. 

The  passage  from  the  dock  leads  to  the  basin,  which  is 
600  feet  long  and  870  feet  wide,  and  is  surrounded  by  a 
quay  wall,  like  that  of  the  dock.  It  is,  like  the  dock, 
puddled  at  the  bottom.  On  the  north  side,  the  basin  is  con- 
nected with  the  south  entrance  of  the  Junction  Dock, 
thereby  forming  a  means  of  communication  between  the  South 
Dock  and  the  others  of  the  West  India  Docks.  The  principal 
object  of  the  basin  is  to  serve  as  an  immense  lock  daring  a 
rising  tide.  The  water  level  is  lowered  to  that  of  the  river 
when  the  tide  has  risen  sufficiently.  The  gates  between  the 
basin  and  the  river  are  then  opened,  and  the  vessels  are 
brought  into  the  basin  from  the  river,  or  vice  versa,  until 
high  water,  when  the  gates  are  closed,  and  the  vessels  in  the 
basin  can  be  passed  into  the  dock  at  leisure.  By  this 
system  the  water  in  the  dock  can  be  kept  at  a  constant 
level. 

The  lock,  Fig.  266,  forming  the  east  entrance  from  the 
Thames,  near  Blackwall,  into  the  basin,  is  800  feet  long  be- 
tween the  gates,  and  the  width  is  55  feet.  The  bottom  of 
the  lock  between  the  gates  consists  of  a  segmental  brick  in- 
vert, 8  feet  thick,  laid  on  a  concrete  foundation,  with  springing 
stones  of  Bramley  Fall.  The  gate  floors  and  the  aprons  out- 
side the  gates  consist  of  ashlar  masonry  of  Bramley  Fall, 
laid  on  fouadations  of  concrete,  the  masonry  being  bedded 
in  lias  lime  and  grouted  with  Portland  cement.  The  founda- 
tions under  the  sills  are  like  those  under  the  sills  in  the 
passage.  The  north  wall  of  the  old  lock  was  left  standing, 
and  that  of  the  new  entrance  was  of  solid  brickwork  9  feet 
thick  in  front  of  it.  The  south  wall  is  like  the  dock  walls, 
except  that  outside  the  outer  gates  the  walls  are  built  of 
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solid  brickwork  to  16i  feet  aboTO  Qie  foundations  to  increase 
the  strength  at  this  place,  where  the  presBiire  in  front  is 
constantly  varying  with  the  rise  and  fall  of  the  tide,  and 
where  the  walls  are  not  supported,  as  the;  are  between  the 
gates,  hj  an  invert. 

For  the  purpose  of  emptying  and  filling  the  lock,  and  also 
for  lowering  the  level  of  the  water  in  the  basin,  there  are 
slnices  in  the  walls  on  each  side,  at  both  pairs  of  gates,  in 
addition  to  the  slnices  in  the  gates  themaelves.  The  inlets 
into  each  slnice-way  are  four  in  nnmber,  placed  in  the  gate- 
recesses  and  on  a  level  with  the  gate-floors.  These  open  into 
the  main  sloice-wayH,  which  are   6  feet  wide  and  7i  feet 


Fig  XO  —Lock :  Niw  Boatb  Dock,  Wcat  India  Dock>. 

high  and  are  over-arched ;  and  they  lead  to  the  two  ontlets 
in  the  invert  on  each  side.  Beyond  the  entrance-gates,  there 
are  foor  ontleta  on  each  side,  distributed  along  the  walls, 
and  so  serving  to  clear  away  any  mad  which  might  be 
deposited  on  the  apron.  The  main  sluice-ways  are  lined 
with  Staffordshire  blue  bricks ;  the  sides  and  tops  of  the 
inlets  and  outlets  are  of  Bramley  Fall  stone  ;  the  bottoms  of 
the  slntca-waya  thronghont  are  paved  with  this  stone  ;  the 
grooves  for  the  sbnttles,  of  which  there  are  two  in  each 
eloice-way,  are  also  lined  with  it.  The  gates,  sills,  hollow 
qaoios,  and  chain-passages  are  the  same  as  those  for  the 
passages  already  noticed. 
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Two  timber  jetties,  on  piles,  one  at  each  side  of  ilie 
entrance,  are  carried  into  the  river  for  the  eonvenienee  of 
incoming  and  outgoing  vessels.  Vessels  lie  alongside  the 
southern  jetty  awaiting  the  opportunity  to  enter.  Out- 
going vessels  are  assisted  by  the  northern  jetty  in  bending 
their  course  down  the  river,  which  is  at  right  angles  to  the 
entrance. 

A  railway  swing-bridge  crosses  the  passage,  and  a  road 
swing-bridge  crosses  the  lock. 

Accommodation  was  provided  for  the  gas-pipes  and  water- 
pipes  supplying  the  Isle  of  Dogs.  Two  grooves  were 
formed  in  the  invert,  and  a  shaft  in  each  wall,  to  receive  the 
pipes. 

There  is  a  capstan  at  each  side  of  the  entrance,  ontside  the 
lock. 

All  the  swing-bridges,  gates,  capstans,  shuttles,  and  cranes 
are  worked  by  hydraulic  machinery  supplied  by  Sir  W.  G. 
Armstrong  &  Co.  In  order  to  supply  the  increase  of 
power  required  for  working  this  machinery,  besides  the 
machinery  already  in  operation,  additional  engines  and 
boilers  were  erected  at  the  engine-house  at  the  West  India 
Docks.  A  second  accumulator  was  erected  at  the  same 
place,  and  another  at  the  south  side  of  the  new  dock.  The 
water  was  conveyed  to  the  dock  in  5-inch  pipes. 

The  works  were  commenced  in  October,  1866,  when  a 
coffer-dam  was  constructed  across  the  opening  between  the 
timber-pond  and  the  canal.  The  water  was  then  diawn 
off  from  the  timber-pond,  so  that  the  foundations  of  the 
warehouses  and  the  excavation  for  the  new  dock  could  be 
proceeded  with  before  the  water  was  excluded  from  the 
canal.  A  coffer-dam  was  begun  at  the  same  time  across  the 
canal,  between  the  entrance  to  the  Junction  Dock  and  the 
site  of  the  present  passage,  as  the  new  east  entrance  lock 
did  not  form  part  of  the  original  contract,  and  it  was  desir- 
able to  leave  the  portion  of  the  canal,  east  of  the  JonctioD 
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Dock  entrance,  open  for  a  time  so  as  to  have  water  accommo- 
dation for  unloading  materials  for  the  works.  In  July,  ISGTy 
the  foundations  of  the  warehouses  were  completed,  the  tide 
was  excluded  from  the  canal,  and  the  greater  part  of  the 
water  in  it  run  off  at  low  water,  through  sluices  in  a  coffer- 
dam constructed  across  the  west  entrance  lock ;  and,  at  the 
same  time,  the  foundations  for  the  south  wall  of  the  dock 
were  laid.     In  August,  the  coffer-dam  on  the  river-side  of 
the  old  eastern  entrance  lock  was  commenced.   It  formed  an 
arc  of  a  circle  of  150   feet  radius,  and  was  composed  of 
a  double  row  of  piles  separated  by  an  interval  of  5  feet, 
which  was  filled  with  clay,  the  sides  of  the  coffer-dam  being 
strengthened  with  laminated  walings  composed  of  8-inch 
planks.     The  foundations  of  the  walls  rest  partly  on  gravel 
and  partly  on  stiff  blue  clay,  mixed  in  some  places  with  a  good 
deal  of  sand.     Along  the  site  of  a  portion  of  the  north  wall 
of  the  dock,  such  a  firm  and  thick  bed  of  conglomerate  was 
found  that  the  concrete  foundation  was  dispensed  with,  and 
the  wall  was  laid  on  the  conglomerate.     The  ground  through 
which  the  dock  excavations  were  carried  consisted  chiefly  of 
a  thick  bed  of  gravel  and  sand  in  varying  proportions,  and 
averaging  about  20  feet  in  thickness.    The  dock  was  opened 
on  the  5th  of  March,  1870. 
The  cost  of  the  work  was  as  follows : — 

Dock,  basin,  passage,  east  entrance  lock,  and  warehouse 

foundations £467,639 

Warehouses 60,000 

Blackwall  and  Millwall  Extension  Railway,  portion  within 

East  and  West  India  Dock  Company^s  boundaries        .       24,600 

Hydraulic  machinery 19,000 

Total  cost £571,139 

The  cost  of  the  dock  wall,  as  constructed,  was  only  £12  2s. 
per  lineal  foot.  The  lowness  of  the  cost  was  duo,  in  a 
great  measure,  to  the  abundance  of  sand  and  gravel  in  the 


468  THE   RUDIMENTS   OF  CIVIL  ENOINEERINO. 

excavations,  with  which  concrete  was  largely  made  and  em- 
ployed, making  the  work  less  costly  than  hrickwork  would 
have  been.  The  cost  per  cubic  yard  was  12s.  6d.  The  east 
entrance  lock  cost  J^9 5,000,  inclusive  of  excavation ,  dredg- 
ing, and  oofier-dam.  The  excavation  for  the  dock,  passage, 
basin,  and  foundations  of  the  warehouses  amounted  to 
1,600,000  cubic  yards,  and  cost  £160,000.  The  gates  cost 
j84,000  per  pair ;  the  jetties,  £1,100  each.] 


CHAPTER  XI. 

GRAVING  DOCKS. 

Gbavino  docks  (or  dry  docks)  are  docks  constmcted  for  the 
reception  of  vessels  while  undergoing  repairs.  They  are 
nsnally  made  of  snch  dimensions  as  to  contain  only  one 
vessel  at  a  time  ;  their  sides  are  formed  in  steps,  so  that  the 
form  of  the  dock  is  somewhat  similar  to  that  of  the  vessel 
which  it  is  to  contain,  but  sufficient  space  is  left  around  it  to 
enable  the  workmen  to  get  at  every  part  of  the  bottom  of 
the  vessel,  and  to  afford  sufficient  light  for  the  necessary 
repairs  to  be  made.  The  entrance  of  the  dock  is  closed 
with  gates,  precisely  similar  to  those  which  we  have 
described  as  belonging  to  canal  locks,  by  which  means, 
when  the  vessel  has  been  floated  into  the  dock  and  the 
gates  closed,  the  water  is  pumped  out  of  the  dock,  leaving  it 
perfectly  dry,  the  vessel  being  supported  on  timber  struts 
and  shores  resting  upon  the  steps  already  mentioned,  as 
forming  the  sides  of  the  dock.  The  accompanying  illus- 
trations are  of  a  very  fine  graving  dock,  constructed  by 
the  American  Government  at  their  dockyard  near  New 
York.  Fig.  267  is  a  longitudinal  section,  taken  along  the 
centre  of  the  dock ;  Fig.  268  is  a  plan ;  Fig.  269  a  front 
view  of  the  entrance  ;  Fig.  270  a  transverse  section  through 
the  centre  of  the  dock;  and  Fig.  271  another  transverse 
section  through  the  recess  for  the  lock  gates.  The  dimen- 
sions of  the  dock  are  sufficient  to  contain  the  largest  vessel 
in  the  American  Navy,  its  length  within  the  gates  being 
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820  feet,  its  breadth  08  feet,  uid  the  width  of  the  lock 
gates  70  feet.     The  maimer  in  which  the  veaBels  are  snp- 


V 


1  timber  strata,  when  the  water  has  bees  with- 
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drawn  from  the  dock,  is  Bhown  ia  Fig.  270,  from  wMeli  it 
will  be  Been  that  ready  acceis  is  afforded  to  every  pari  of 
the  veBBel.  In  order  that  the  bottom  of  the  dock  may  be 
at  all  times  dry  and  free  from  water,  it  is  formed  -with  a 
alight  inchnation  from  a  to  o  (Fig.  267),  and  a  gutter  is 
carried  across  the  dock  at  the  lower  end,  leading  into  a  drain 
OT  culvert,  c  c,  which  passes  entirely  round  the  dock,  as 
shown  in  Figs.  267  and  270,  with  a  gradnal  fall  towards  n; 
and,  the  water  being  couBtantly  pnmped  oat  of  the  cnlvert, 
it  ia  impossible  for  any  to  accumulate  at  the  bottom  of  the 
dock.  Several  flights  of  steps  (k  e  e)  are  provided  in  dif- 
ferent parts  of  the  dock  for  the  nse  of  the  workmen,  by 
which  they  are  enabled  to  reach  any  part  of  the  vessel  with 
great  facility. 

Floating  Docks. 
[The  floating   docks  conatmcted   by  Mesars.   O.  and  J. 
Rennie,  at  Cartagena  and  at  Ferrol,  are  shovrn  endwise  in 


...JBK'j^.... 
Fig.  HI.— floating  Dock,  Csrtagciu  an 


Fig.  272.    Tboy  are  necessarily  constmoted  hollow  at  the 

bottom  and  the  aides,  as  they  depend  for  their  buoyancy  and 

liAing  force  on  the  a'lr  contained  VAVto  ttiftTn.  displacing  so 

maob  wafer.     The  upper  paria  ol  ^iie  -wiiia  «N.  ^%  iii-^s.  ^ati 


Cartagena, 

FerroL 

324  feet. 

360  feet. 

106    „ 

106    „ 

48    „ 

60    „ 
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divided  into  compartments,  forming  permanent  air-chambers, 
or  floats,  of  a  capacity  sufficient  to  prevent  the  dock  from 
sinking  when  the  lower  compartments  are  filled  with  water, 
and  to  maintain  the  decks  of  the  side  walls  at  a  level  of  from 
6  to  8  feet  above  the  surrounding  water.  Mr.  Bennie  con- 
siders that  these  air-chambers  are  essential  to  the  safety  of 
an  iron  floating  dock.  The  general  dimensions  of  the  two 
docks  are  as  follows : — 

Length 

Breadth 

Height  of  Outside  . 

The  basement,  or  lifting  chamber,  is,  at  Cartagena,  824  feet 
long,  and  at  Ferrol  850  feet  long ;  the  breadth  is  105  feet, 
and  the  depth  is  respectively  11^^  feet  and  12^  feet.  It  is 
made  of  |-inch  boiler-plate,  and  is  divided  longitudinally  into 
two  equal  parts  by  a  plate-iron  bulkhead  f -inch  thick.  Each 
of  these  halves  is  divided  by  transverse  bulkheads  into  ten 
equal  compartments  at  Cartagena,  and  eleven  at  Ferrol, 
making  respectively  20  and  22  water-tight  compartments. 
Each  of  these  chambers  is  subdivided  longitudinally  into  two 
compartments  by  a  partition  which  is  perforated,  so  as  to 
admit  of  a  gradual  flow  of  water  transversely  in  the  event  of 
the  dock  suddenly  listing  over.  The  outer  plating  of  the 
side  walls  is  i^g^-inch  thick  at  the  bottom,  diminished  gradually 
to  f-inch  at  the  top.  For  the  work  of  pumping,  a  pair  of 
horizontal  steam-engines  drive  two  pairs  of  lift-pumps  imme- 
diately under  the  engine,  to  draw  water  from  a  conmion  pipe 
communicating  with  all  the  chambers.'  On  the  ends  of  these 
pipes  are  fixed  the  sluices  of  the  inlet  for  filling  the  chambers, 
and  on  the  sides  there  are  smaller  sluices  and  pipes  in  com- 
munication with  each  chamber.  By  opening  all  the  sluices, 
the  chambers  are  filled ;  and  on  shutting  the  inlet  sluice  with 
the  engmes  at  work,  one  or  ma;]^^  c\x<dasi\>^t^  tsi^^  \^  ^"s^- 
charged.     The  whole  power  of  ttx©  ei\^e  tsik^  \iei  ^^^ivft^ 
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to  pnmpiDg  oat  any  one  compartment,  when  it  is  foimd 
desirable  to  do  so  in  order  to  balance  or  level  the  dock. 
There  are  distinct  pnmping  arrangements  for  each  side  of 
the  dock. 

The  engines  and  pnmps  are  of  the  following  dimensions. 
The  engines  were  designed  to  make  60  tnms  per  minnte; 
the  pumps,  by  means  of  gearing,  half  the  nnmber : — 


Cartagena, 

Ferrol. 

Diameter  of  cyhnden 

14  inches. 

18  inches. 

Stroke  of  pistons 

18       „ 

19       ^ 

Diameter  of  pumpe 

.        20       „ 

24       ,. 

Stroke  of  pumps 

33       „ 

86       ., 

The  spindles,  with  the  columns  and  hand-wheels  of  all  tbo 
sluices,  are  carried  to  the  upper  deck  within  the  engine-honse, 
and  they  can  all  be  manipulated  within  a  space  of  15  feet 
square. 

The  air-pipes  are  6-inch  cast-iron  socket-pipes,  carried  np 
from  each  basement  and  middle  chamber  to  the  upper  deck, 
for  the  exit  and  the  entry  of  air  during  the  filling  and  dis- 
charging of  water  into  or  from  the  chambers. 

The  floor  of  the  dock  is  covered  with  S-inch  teak  planks, 
resting  on  cross  beams  of  teak  2  feet  square,  placed  16  feet 
apart,  one  on  each  transverse  bulkhead  and  an  intermediate 
bearer.  The  keel-blocks  are  of  teak,  with  cast-iron  wedge 
pieces. 

The  total  weight  of  the  floating  dock  is  400  tons,  and  the 
draught  when  empty  is  4  feet  7  inches. 

The  basin,  or  dock  receiver,  in  which  the  floating  dock 
receives  the  ship,  is  845  feet  long  ;  it  is  curved  at  the  land- 
ward end,  from  which  three  lines  of  horizontal  ways  or  slips 
radiate.  Each  line  is  725  feet  long  and  45  feet  wide,  con- 
structed with  two  altars,  5  feet  9  inches  wide  and  10  inches 
high,  thus  making  the  floor  of  the  ways  or  slips  19^  inches 
below  the  surface  of  Uie  .ground.  il«Ah  is  laid  with  four 
llnea  of  timber  ways,  about  10  te^t  %1'v*^^'''^^^^^^^^*^*^^'^* 
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correspond  with  those  in  the  floating  dock  ;  and  is  intended 
to  receive  vessels,  after  they  have  heen  raised  hy  the  floating 
dock,  from  the  dock  into  the  slip  hy  means  of  hydraulic 
power.  It  is  estimated  that  six  vessels  may  he  hnilding 
or  he  under  repair  at  the  same  time,  hesides  one  on  the 
floating  dock. 

Vessels  of  from  4,600  tons  to  5,600  tons  can  he  floated  hy 
this  dock.  The  largest  vessel  which  has  heen  docked  [1871] 
at  Cartagena  is  the  Numanciaf  iron-clad,  816  feet  long.  The 
draught  of  the  dock  with  this  load  amounted  to  11}  feet,  with 
a  depth  of  7^  feet  of  water  in  the  hasement,  and  7  feet 
2 ^inches  in  the  middle  chambers,  amounting  to  a  weight  of 
800  tons.  The  distributed  weights  were,  then — dock, 
4,400  tons;  water,  800  tons;  ship,  5,600  tons;  total, 
10,800  tons. 

The  dock  when  hauled  out,  empty,  sunk  to  a  depth  of 
87  feet  in  1  hour  25  minutes  after  the  sluices  were  opened. 
It  was  lifted,  with  a  ship  aboard,  in  8  hours. 

The  floating  dock  cost  between  Jgl50,000  and  £160,000, 
or  about  £85  per  ton  of  its  gross  weight.* 

The  ingenious  arrangement  of  Mr.  Edwin  Clark,  by  which 
the  vessel  is  raised  entirely  out  of  the  water  by  hydraulic 
pressure,  and  subsequently,  with  its  pontoon,  floated  into  one 
of  a  series  of  shallow  docks  above  quay  level  radiating  from 
the  lift,  is  admirably  adapted  for  a  tideless  sea.  The  Thames 
Graving  Dock  was  constructed  on  this  system.  The  lift  is  a 
direct  mechanical  appliance  for  raising  the  vessel  by  means 
of  vertical  hydraulic  presses.  It  consists  of  two  rows  of 
cast-iron  columns,  5  feet  in  diameter  at  the  base,  4  feet  above 
the  ground  level,  and  sunk  into  the  ground  about  12  feet. 
The  two  rows  are  60  feet  apart,  and  the  columns  of  each  row 
are  20  feet  apart.    There  are  16  columns  in  each  row,  making 

*  See  Mr.  G.  B.  Rexmie's  paper  on  the  "  Floating  Docks  for  Car- 
tagena and  Fcrrol,"  in  the  JProeeedmgt  of  the  /fif(t<u(vm  of  Gvo\X  Bav* 
pinurt,  roh  xxxi.  p.  296. 
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a  length  of  810  feet  to  the  dock.  The  rows  are  placed  one 
on  each  side  of  the  excavated  lift-pit  in  27  feet  of  water.  A 
10-inch  hydraulic  press  is  enclosed  in  each  column,  with  a 
length  of  stroke  of  25  feet.  The  presses  are  connected  in 
pairs,  one  on  each  side,  by  chains  to  cross  girders,  16  pairs 
of  which  lie  at  the  bottom  of  the  pit,  when  the  presses  are 
lowered.  They  form  a  large  platform  or  gridiron,  which 
can  be  raised  or  lowered  as  required,  with  a  ship  in  it.] 


PART  III. 
HYDRAULIC  ENGINEERING. 


CHAPTER  I. 

SUPPLY  OF  WATER  TO  TOWNS. 

The  questions  which  affect  the  choice  of  the  source  and 
means  of  supply  of  water  to  towns  are  those  connected  with 
the  qualities  of  the  water  itself,  in  the  first  instance ;  and,  in 
the  second,  the  relative  conditions  of  the  difference  of  level, 
iind  the  distance  he t ween  the  source  resorted  to  and  the 
\Aqjcq  in  which  the  distribution  is  to  be  effected.  All  waters, 
as  is  well  known,  are  not  equally  adapted  to  domestic  use ; 
and  those  which  are  so  adapted  are  rarely  found  in  the 
precise  localities  where  they  are  to  be  used;  so  that  in 
almost  all  cases  it  is  necessary  either  to  bring  the  supply 
from  a  distance,  or  to  raise  them  above  their  natural  level. 

Notwithstanding  all  that  has  been  said  in  the  controversy 
respecting  hard  and  soft  waters,  there  is  still  very  great 
uncertainty  as  to  the  precise  qualities  required  in  those  to  be 
distributed  in  towns ;  and  the  public  cannot  be  too  frequently 
advised  to  hesitate  before  it  adopts  implicitly  the  opinions  of 
men  who,  though  neither  engineers  nor  physiologists,  have 
lately  assumed  to  dictate  upon  the  subject.  Unquestionably 
excessive  hardness  is  an  objection  to  a  source  of  su^i^l^  \ 
but  Bome  of  the  chemical  combVnfid&oii^  -^"Vaj^  ^g:^^  "csaj^  \si 
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this  characteristic,  if  they  only  act  within  certain  limits,  tie 
stated  hy  the  most  eminent  authorities  to  render  the  sli^tly 
hard  waters  more  adapted  for  human  consumption  than  any 
others.  Soft  waters,  again,  are  unquestionahly  more  pleasant 
and  agreeahle  for  domestic  use  than  hard  waters  ;  bat  their 
very  softness  may  he  owing  to  the  presence  of  ingredients 
able  to  a£fbct,  slowly,  but  surely,  the  physical  organization  of 
those  constantly  using  them.  Habit  modifies  the  action  of 
particular  waters  upon  the  human  frame ;  and  it  is  notorious 
that  those  accustomed  to  any  one  (whether  soft,  as  flowing 
from  the  primary  rocks,  or  hard,  as  affected  by  the  carbonates 
or  the  sulphates  of  lime)  are  always  seriously  affected  when 
they  begin  to  use  what  would  be  universally  considered  a 
better  water.  Dogmatical  assertions  are  as  dangerous  in  this 
case  as  in  all  others  ;  and,  at  least  until  competent  authorities 
shall  have  decided  what  really  constitutes  the  perfection  of 
a  water  supply,  questions  of  economical  expediency  must 
ultimately  decide  the  course  to  be  adopted  in  the  minority 
of  cases. 

In  the  present  state  of  uncertainty  attached  to  this  subject 
it  may  suffice  to  adopt  the  conclusions  laid  down  by  Th^nard, 
and  to  pronounce  those  waters  to  be  fit  for  domestic  use 
which  are  fresh,  limpid,  and  free  from  smell — able  to  boil 
vegetables  without  affecting  their  colours,  and  to  dissolve 
soap  without  leaving  curds.  They  should  be  very  slightly 
affected  by  the  nitrate  of  baryta,  which  will  indicate  the 
presence  of  the  sulphates  in  combination ;  by  the  nitrate  of 
silver,  indicating  the  presence  of  the  chloride  of  sodium ;  by 
the  oxalate  of  ammonia,  indicating  the  presence  of  the  salts 
of  lime ;  by  the  ferro-prussiate  of  potash,  indicating  the 
presence  of  salts  of  iron;  or  by  the  other  chemical  tests 
usually  employed.  The  residuum,  after  evaporation,  should 
be  very  small.  A  certain  proportion  of  carbonic  acid  gas  is 
considered  to  improve  tlie  dlg^e^Uve  properties  of  water  for 
drinking  purposes ;  and  n^otV^  ^  'p\i'^%v\Q^\a,  \t«a\.  'Caa 
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time  of  Hippooratds  to  the  present  day,  assert  that,  in  small 
quantities,  the  chloride  of  sodium  and  the  bicarbonate  of  lime 
are  also  essential. 

The  temperature  of  water  is  of  nearly  equal  hygienic 
importance  with  its  chemical  nature,  and  it  should  be  as 
constant  as  possible ;  that  is  to  say,  compared  with  the 
atmosphere,  it  should  be  warm  in  winter,  and  cold  in  summer. 
Aeration  is  an  important  condition,  for  the  oxygen  thus 
communicated  forms,  in  fact,  an  essential  element  of  the 
salubrity  of  water.  Vegetable  and  animal  matters,  either  in 
suspension  or  solution,  must  be  removed ;  not  only  because 
they  are  disagreeable  in  themselves,  but  also  because  they 
absorb  the  oxygen  in  suspension  in  the  water,  and  cause  the 
latter  rapidly  to  putrify.  The  presence  of  this  class  of 
impurities  may  be  detected  by  chlorine  solutions,  or  by  an 
infusion  of  gallic  acid. 

After  all,  the  most  efficient  method  of  ascertaining  the  real 
qualities  of  a  water  supply  is,  to  observe  the  effects  it  pro- 
duces upon  the  organized  life  resorting  to  it,  especially  upon 
the  human  beings  using  it.  Organized  life  is,  in  fact,  a  far 
more  delicate  test  than  any  chemical  agents  can  ever  be ; 
and  it  is  eventually  affected  by  impurities  too  minute  to  be 
ascertained  by  the  grosser  appliances  of  science.  Such 
waters,  therefore,  as  are  habitually  used  by  vigorous,  power- 
ful, and  healthy  populations,  can  never  be  pronounced  to 
be  unfit  for  domestic  consumption,  whether  they  be  hard  or 
soft,  or  whether  they  contain  salts  of  lime,  or  salts  of  soda, 
or  potash. 

Bain  water,  coUected  in  the  open  country  or  at  sea,  a 
short  time  after  the  commencement  of  a  shower  (for  the  first 
drops  that  fall  carry  down  the  impurities  in  suspension  in 
the  lower  strata  of  the  atmosphere),  is  the  purest  that  can  be 
obtained.  In  storms  it  sometimes  contains  nitric  acid ;  on 
the  sea-coast  it  is  often  brackish ;  at  all  times  it  is  aerated, 
but  flat,  and  insipid  to  the  taste,  audi  v^  V&  ^».^%^  ^x^<^% 
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probably  from  the  abseDce  of  earbonie  acid  gas.     For  in- 
dastrial  operations  it  is  generally  considered  to  be  the  most 

advantageons. 

Snow  water  is  without  air,  and  osoally  deposits  a  small 
qaantity  of  dast  on  being  melted ;  ice  water  is  bright  and 
pure,  bnt  difficult  of  digestion.  The  loathsome  disease,  the 
fjoUre,  is  usually  attributed  to  the  use  of  snow  water ;  bnt 
the  healthy  state  of  the  crews  of  Captain  Parry *8  ships 
during  their  long  arctic  voyages,  when  they  had  no  other 
resource  than  the  dissolved  ice  and  snow,  would  appear  to 
show  that,  if  proper  precautions  be  taken,  they  may  be 
resorted  to  without  inconvenience.  Indeed,  as  several  of 
the  sources  of  soft  water  from  the  earlier  secondary  forma- 
tions produce  glandular  swellings  analogous  to  the  goitre,  it 
would  be  reasonable  to  infer  that  the  latter  must  be  owing 
to  the  matters  contained  in  the  snow,  rather  than  to  any 
qualities  inherent  in  the  waters  derived  from  it. 

Spring  waters  depend  for  their  qualities  upon  the  nature 
of  the  strata  through  which  they  pass.     They  are  fed  by  the 
rain-fall  soaking  partially  into  the  ground  at  a  higher  eleva- 
tion, and  finding  its  way  to  the  surface  at  such  points  as 
offer  less  resistance  to  its  escape  than  it  meets  in  any  other 
direction.     As  pure  water,  such  as  falls  from  the  clouds,  has 
a  remarkable  affinity  for  many  of  the  earthly  bases,  and  for 
the  gases  with  which  the  latter  combine,  it  must  be  evident 
that  the  springs  will  become  impregnated  with   both,   in 
proportion  to  the  time  they  are  exposed  to  their  influence. 
Rivers,  again,  are  formed  by  the  confluence  of  springs  and 
small  streams  fed  by  the  drainage  from  the  watershed ;  con- 
sequently, near  their  sources  their  waters  must  participate  in 
the  respective  properties  of  the  latter.    In  their  course,  how- 
ever, they  may  acquire  a  degree  of  purity  far  greater  than 
exists  in  the  several  affluents ;  especially  if  they  run  over 
a  rocky  or  a  sandy  bed,  «itid  do  not  receive  any  organized 
mAttoTB  draining  from  i\\e  Itwii^*  >^e^  \iw<st%^.  ^\w^  ^€  the 
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gas  taken  np  by  the  springs  in  their  underground  course  may 
be  given  off  in  this  manner,  and  even  many  sabstances  in  a 
state  of  chemical  combination  may  become  separated.  It  is 
not,  therefore,  always  true  that  the  nearer  the  source  the 
purer  is  the  supply ;  but,  on  the  contrary,  so  much  do  waters 
often  gain  by  exposure  to  the  atmosphere,  that  many  physio- 
logists are  of  opinion  that  river  waters  are  preferable  to  those 
obtained  from  springs. 

The  extent  to  which  waters  are  improved  by  exposure  to 
the  atmosphere  must  naturally  depend  upon  the  nature  of 
the  impurities  they  may  contain.  Thus  the  carbonic,  and 
sometimes  the  sulphuric  acid  gases,  are  parted  with  easily, 
and  the  earthy  carbonates  deposed ;  but  the  sulphates  of 
lime  and  the  chlorides  of  calcium  and  magnesium  are  re- 
tained much  longer.  Often  the  distinguishing  elements  of 
two  streams  may  be  traced  for  a  considerable  distance  below 
the  point  of  confluence  ;  and,  again,  it  may  frequently  hap- 
pen that  the  impurities  contained  in  either  of  them  may 
facilitate  the  deposition  of  those  contained  in  the  other.  The 
greatest  practical  inconvenience  attending  the  use  of  waters 
taken  directly  from  their  source  appears,  however,  to  lie 
in  this — that  they  are,  under  such  circumstances,  certain  to 
depose  their  earthy  salts  in  the  conduits  employed  in  their 
distribution.  Such  waters  as  contain  the  bicarbonate  of 
lime,  or  the  hydrous  oxide  of  iron,  are  especially  exposed  to 
this  objection. 

■ 

Collection  op  Water  from  the  Surface  of  the  Ground. 

The  small  streams  collected  from  the  watershed  of  a 
country  must  be  affected  by  the  considerations  above  de- 
scribed ;  that  is  to  say,  their  qualities  must  depend  upon 
the  strata  over  which  they  flow,  upon  the  organic  matter 
carried  into  them,  and  their  exposure  to  the  tk\.mo«;^V«t^.  ^ 
mast  he  borne  in  mind,  in  all  these  diBOUB^ioix^,  V^Ki^dX  '^  Ha^ 
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now  generally  admitted  that,  of  the  total  rain-fiall  supplying 
the  fresh  water  of  a  large  tract  of  conntryy  one-third  flows 
off  iu  the  shape  of  rivers  ahove  ground,  one-third  is  em- 
ployed hy  the  vegetation  or  again  evaporated,  whilst  the 
last  third  penetrates  the  ground  to  supply  deep-seated 
springs  and  wells ;  or,  at  least,  that  these  proportions  hold 
for  tho  majority  of  cases.  It  is  the  former  quantity, 
therefore,  that  must  bo  calculated  upon,  in  all  cases  where 
it  is  proposed  to  obtain  a  supply  from  the  watershed  of  any 
particular  district ;  at  least,  unless  it  be  possible  also  to 
secure  any  deep-seated  springs. 

Now,  it  must  be  evident,  that  as  the  streams  from  the 
watershed  of  a  district  are  supplied  by  tho  rain  flowing  im- 
mediately off  the  laud,  they  must  vary  considerably  in 
volume  ;  and  that  in  winter,  or  the  rainy  season,  they  will 
be  full,  whilst  in  summer  they  will  bo  comparatively  dry. 
The  variations  in  volume  will  depend  upon  the  greater  or 
less  equality  of  distribution  of  the  rain-fall,  upon  the  con- 
figuration of  the  country  with  respect  to  the  outlines  of  hill 
and  dale,  and  upon  the  capacity  of  the  superficial  strata  to 
absorb  and  retain  water  during  wet  weather  and  to  part 
with  it  during  droughts — in  fact,  upon  their  capacity  to 
store  water,  and  thereby  equalise  the  flow.  All  these  com- 
bined causes  have  been  observed  to  produce  very  great  irre- 
gularities ;  and  it  becomes  necessarj^  when  a  constant 
equable  supply  is  to  be  obtained  from  a  given  watershed,  to 
construct  reservoirs  so  as  to  store  the  excess  of  one  period 
against  the  penury  of  another.  The  dimensions  of  the 
reservoirs  must  depend  upon  the  distribution  of  the  rain-fall, 
and  it  may  be  laid  down  as  a  rule,  that  they  should  be  cal- 
culated more  with  reference  to  the  maximum  demand  and 
the  minimum  supply  than  to  the  averago  of  either.  A 
capacity  of  storage  equal  to  about  six  months*  consumption, 
in  addition  to  the  qTxaii\il7  ^\\\<^li  \«  Ukcly  to  be  evaporated, 
appears  to  be  the  least  v*\i\c\k  b\io\3\\  >a^  ^^m\\XA\  ^V^iv'^>& 
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proposed  to   supply  any  agglomerated    population  in  this 
manner. 

Waters  thus  stored  are  much  exposed  to  deteriorate  in 
quality.  They  develop  with  singular  rapidity  both  animal 
and  vegetable  life,  and  the  decomposition  of  the  latter,  when 
in  a  state  of  decay,  communicates  elements  of  future  stagnant 
waters ;  and  these,  if  exposed  to  the  atmosphere,  must  also 
be  exposed  to  the  variations  of  temperature  of  the  latter. 

The  following  rules  should  be  observed,  wherever  local 
circumstances  will  allow,  in  the  construction  of  reservoirs : 
that  the  capacity  be  obtained  by  increasing  the  depth  rather 
than  the  surface  ;  that  the  sides  be  as  nearly  as  possible 
vertical ;  and  that  they  be  covered,  so  as  to  protect  them 
from  atmospheric  influences,  amongst  which  may,  perhaps, 
be  included  the  sun*s  light,  for  it  appears  to  be  the  most 
efficient  cause  in  promoting  vegetation.  The  expense  at- 
tending the  execution  of  these  works  is  so  enormous  that 
there  can  be  but  very  few  cases  in  which  they  ought  to  be 
undertaken ;  and,  indeed,  in  all  cases  where  covered  reser- 
voirs are  required,  very  careful  and  elaborate  comparative 
estimates  of  the  cost  of  all  other  sources  of  supply  should  be 
made. 

It  may  be  interesting  to  state  that  the  cost  of  some  large 
canal  reservoirs  has  been  about  £450  per  million  gallons 
of  water  stored.  No  town  reservoirs  appear  to  have  been 
constructed  at  a  less  cost  than  about  £600  per  million 
gallons  ;  whilst  the  Croydon  Beservoir,  the  only  covered 
one  yet  constructed,  cost  rather  more  than  £4,000  per 
million  gallons,  including  the  price  of  the  land. 

A  well-executed  system  of  catch-water,  or  of  thorough 
drainage,  would  unquestionably  increase,  to  a  remarkable 
extent,  the  quantity  of  water  derivable  from  a  given  area, 
but  it  will  in  nowise  diminish  the  necessity  for  constructing 
the  storage  reservoirs,  but  rather,  on  the  eonX.!^^  ^  i^w.^av^\2N* 
it;  Sot,  necesBarily,  the  storage  capacity  ol  \)ti^  ^o\«A'">N»^ 
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is  diminished  in  the  direct  proportion  of  the  perfeetion  of 
the  drainage.  The  formation  of  a  system  of  thorough 
drainage  is  also  a  very  expensive  operation;  and,  "when 
combined  with  the  necessity  for  reservoirs,  it  mnst  lead  to 
so  great  an  outlay,  that  it  may  safely  be  asserted  that  the 
system  of  collecting  water  from  what  it  has  lately  become 
the  fashion  to  call  **  gathering  grounds "  should  never  be 
resorted  to,  if  any  other  can  reasonably  be  adopted.  How- 
ever, it  has  been  calculated  that  if  the  situation  of  the 
proposed  gathering  grounds  o£fer  steep  declivities  with 
narrow  gorges,  it  is  possible  to  obtain  from  it  two-thirds 
of  the  total  rain-fall — although  hitherto  no  instance  can  be 
cited  where  such  favourable  results  have  been  long  obtained, 
for  the  efficiency  of  the  drains  becomes  rapidly  deteriorated. 

Use  of  Spbinos. 

Where  springs,  fed  by  the  infiltration  of  rain-waters  falling 
npon  a  large  area,  occur  in  considerable  abundance,  and  of 
the  requisite  quality,  they  may  be  considered  to  offer  the 
most  desirable  sources  of  supply  in  all  highly  cultivated  dis- 
tricts, because  it  is  hardly  possible  to  exclude  drainage  waters 
from  flowing  into  superficial  watercourses.  The  precautions, 
before  alluded  to,  as  being  necessary  to  secure  the  deposition 
of  the  matters  in  solution  which  would  otherwise  choke  the 
pipes,  must  be  taken.  It  is  also  important  to  ascertain 
what  is  called  the  yield  of  the  springs  under  all  the  varying 
meteorological  conditions  of  the  locality.  Gaugings  of  any 
w^atercourse  during  two  or  three  months  are  of  very  little 
use  in  cases  of  this  kind,  because  the  springs  being  sup- 
plied by  the  rain-fall  it  follows  that  they  must  vary  with 
the  variations  of  the  weather.  Unless  observations,  then,  be 
extended  over  the  whole  cycle  of  the  climate  (in  England, 
of  about  seventeen  years*  duration),  the  indications  to  be 
derived  from  gaugings  oy^r  short  periodic  bx^  very  likely  to 
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mislead  in  calculations  with  respect  either  to  the  average  or 
the  minimam  flow.  The  period  of  the  year  when  gaugings 
are  taken  will  also  materially  afifect  the  correctness  of  the 
observations,  because  not  only  does  the  rain-fall  vary  with 
it,  but  also  the  springs  are  observed  to  be  affected  at  an 
interval  of  from  one  to  five  months,  according  to  the  nature 
of  the  strata.  As  the  greatest  quantity  of  rain  falls  during 
the  later  autumnal  and  the  winter  months,  it  appears  that, 
if  it  be  necessary  to  confine  the  observations  within  very 
short  periods,  the  most  advisable  course  is  to  make  them 
during  the  months  of  September  and  October ;  for,  generally 
speaking,  the  springs  are  at  the  lowest  about  that  period. 
Even  then  the  indications  are  very  likely  to  be  fallacious, 
and,  unless  observations  be  carried  over  the  whole  cycle,  the 
yield  may  occasionally  fall  far  short  of  that  calculated  upon. 

Artesian  Wells  are,  in  fact,  nothing  more  than  excavations 
through  the  overlying  impermeable  stratum  supposed  above 
to  exist  upon  a  permeable  water-bearing  stratum,  underlain 
again  by  an  impermeable  one.  They  form,  as  it  were,  arti- 
ficial outlets  for  the  waters  contained  in  the  lower  parts  of 
the  basin,  and  the  water-line  in  them  will  depend  upon  the 
hydrostatical  pressure  existing  upon  the  same  lower  parts. 
This,  as  said  before,  will  be  influenced  by  the  level  of  any 
natural  overflow  which  may  exist  around  the  edge  of  the 
retaining  stratum.  The  conditions  of  success  in  an  artesian 
well  depend  upon  the  perfection  of  the  basin  formed  by  the 
water-bearing  stratum,  so  far  as  the  mere  retention  of  the 
water  is  concerned,  and  upon  the  level  of  the  streams  flowing 
from  the  water-bearing  stratum,  so  far  as  the  height  of  the 
water-line  is  concerned. 

The  quantity  of  water  to  be  obtained  from  an  artesian  well 
must,  therefore,  be  regulated  by  the  area  of  outcrop  of  the 
water-bearing  stratum ;  and  that  it  is  far  from  being  un- 
limited is  proved  by  what  has  occurred  at  London,  Tours, 
and  Milan. 
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The  various  physical  conditions  necessary  to  insure  the 
success  of  artesian  borings  also  introduce  great  uncertainty 
in  their  results.  Thus  the  well  of  Grenelle  yielded  a  copious 
supply  at  the  depth  of  1,802  feet ;  in  the  valley  of  the  Loire 
several  successful  works  have  been  executed,  with  an  average 
depth  of  500  feet ;  whilst  one  other,  in  the  same  district,  of 
G28  feet  in  depth,  and  a  second,  454  feet  deep,  were 
abandoned,  after  the  usual  retaining  basin  of  the  district  had 
been  traversed,  on  account  of  the  absence  of  supply.  At 
Calais,  an  artesian  boring,  1,150  feet  deep,  was  made  unsuc- 
cessfully through  the  chalk  and  subcretaceous  formations  into 
the  carboniferous  scries.  At  Chichester,  at  a  depth  of  1,054 
feet  from  the  surface,  no  water  was  obtained  from  the  upper 
green  sand ;  and  at  Southampton  the  boring  was  discon- 
tinued. 

The  only  infallible  source  for  a  water  supply  is  to  be 
found  in  rivers,  although  unquestionably  there  are  often 
serious  objections  to  their  use.  Thus  it  almost  always 
happens  that  they  receive  the  drainage  waters  from  cultivated 
lands  and  inhabited  districts  ;  and  the  daily-spreading  habit 
of  making  their  beds  serve  as  the  outfall  for  sewage  tends 
seriously  to  increase  this  evil.  When  rivers  are  resorted  to, 
it  becomes,  therefore,  necessary  to  place  the  supply-conduits 
at  points  beyond  the  reach  of  such  sources  of  impuritj',  and, 
in  almost  all  cases,  to  form  settling  reservoirs  and  filter  beds, 
so  as  to  remove  the  extraneous  matters  present  in  their 
waters. 

The  quantity  of  water  to  be  distributed  in  a  town  is 
usually  assumed  to  be  about  at  the  rate  of  20  gallons  per 
head  per  day,  calculated  upon  the  whole  population.  This 
quantity  would  include  all  that  is  generally  required  for 
municipal  and  trade  purposes,  unless  when  the  latter  are 
of  the  character  of  cotton  printing,  dyeing,  or  scouring 
cloths,  &c.  In  London  the  supply  is  rather  beyond  that 
quoted  above  ;    in  Paris,  also,  it  is  above  20  gallons ;  but. 


8UJ»PLY   OF    WATER   TO   TOWNS.  487 

where  accurate  observations  have  been  made,  it  appears  that 
really  the  average  daily  consumption  for  every  human  being 
is  about  7  or  8  gallons,  and  that  in  summer  they  require 
from  20  to  80  per  cent,  more  than  in  winter.  Municipal 
requirements  vary,  of  course,  according  to  the  habits  of  the 
country,  but  they  rarely  exceed  10  per  cent,  of  the  total 
consumption  ;  and  ordinary  trade  purposes,  together  with 
the  inevitable  waste,  make  up  the  remaining  quantity  short 
of  the  20  gallons  per  individual  per  day  usually  assumed  to 
be  required. 

The  parties  considered  to  come  under  the  designation  of 
large  consumers,  and  as  such  giving  rise  to  an  extraordinary 
demand  for  water,  are  manufacturers,  tanners,  fell-mongers, 
hair-washers,  glue-makers,  curriers,  dyers,  hatters,  brewers, 
distillers,  inns,  bath-houses,  and  steam  engines.  If  many  such 
exist,  it  will  be  necessary  to  provide  especially  for  them ; 
which,  of  course,  would  place  the  rate  of  payment  upon  a 
different  footing  from  that  to  be  supplied  to  the  public  in 
general. 

[In  proceeding  to  the  consideration  of  means  for  effecting 
a  water  supply,  the  extent  of  the  drainage  area  is  ascertained, 
and  the  amount  of  rainfall  is  arrived  at,  by  taking  the 
average  of  the  observations  for  a  number  of  years  in  the 
neighbourhood.  Then,  the  quantity  of  rainfall  that  can 
be  collected  into  any  reservoir  which  it  is  practicable  to 
make  in  the  district,  is  to  be  considered.  Assuming  the 
case  of  a  district  where  a  reservoir  can  be  constructed, 
capable  of  storing  nearly  all  the  water  that  can  be  collected, 
the  capacity  of  the  reservoir  should  be  proportioned  to  the 
population  to  be  supplied.  Its  area  is  frequently  about  one- 
twentieth  part  of  that  of  the  water-shed.  It  is  almost  im- 
possible by  means  of  reservoirs  to  govern  the  vast  floods 
that  occasionally  occur ;  and  as  those  will  happen,  sooner  of 
later,  when  the  reservoirs  are  already  filled,  as  a  matter  of 
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course,  an  uncertain  quantity  of  water  will  flow  over  the 
waste-weirs  and  be  lost,  not  only  to  the  waterworks,  bat  it 
will  be  lost  as  regards  any  useful  application  whatever, 
by  the  mill-owners  or  others  situated  on  the  stream.  This 
unavoidable  loss  is  often  estimated  at  10  per  cent,  of  the 
residue,  after  deduction  made  of  the  amount  lost  by  evaponh 
tion  from  the  surfaces  of  the  laud  and  the  water.  The  lois 
by  evaporation,  it  has  been  found  by  experience,  depends 
upon  the  nature  of  tlie  surface,  the  inclination  of  the  land, 
the  amount  of  vegetation  with  which  it  is  covered,  and  other 
circumstances.  As  a  general  rule,  according  to  Mr.  Hawks- 
ley,  the  evaporation,  upon  an  average  of  years,  varies  from 
12  inches  on  a  precipitate  rocky  country,  to  18  inches  od 
land  which  is  of  a  flatter  character,  or  which  may  be  of  a 
more  absorbent  nature.  If  the  evaporation,  which  can 
generally  be  nearly  accurately  estimated  by  a  survey  of  the 
drainage  area,  be  assessed  at  15  inches,  which  is  about  the 
average  in  England,  then  there  can  be  collected,  on  an 
average  of  years,  about  80  inches  out  of  a  rainfall  of  48 
inches. 

The  next  thing  to  be  determined  is  the  size  of  the 
reservoir  to  receive  and  to  make  this  quantity  of  water 
available.  It  is  regulated  by  the  amount  of  the  rainfall, 
which  is  different  in  different  parts  of  the  country.  Where 
there  is  a  large  quantity  of  rain,  a  smaller  number  of  days* 
storage  will  suffice  than  where  the  fall  is  more  restricted. 
For  instance,  on  the  hills  in  Lancashire,  where  the  rainfall  is 
from  45  to  48  inches  per  annum,  the  reservoir  need  not  be 
capable  of  storing  more  than  140  days'  supply ;  in  Cumber- 
land, where  the  rainfall  amounts  to  60  inches  per  annum, 
120  days'  supply  would  suffice  ;  but  in  the  eastern  parts  of 
England,  where  the  rainfall  does  not  exceed  22  inches  per 
annum,  it  is  necessary  to  make  a  reservoir  capable  of  con- 
taining 200  days'  supply.  With  these  data,  the  amount  of 
pacity  of  reservoir  recjovied.  V>  \SL\i^\«»  >3si^  ^^Xet  c^as^v^ 
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decided  with  considerable  precision.  As  to  the  amount  to 
be  supplied,  if  the  waterworks  are  well  managed,  and  care  is 
taken  to  prevent  waste,  16  gallons  per  head  per  day  is  suffi- 
cient for  usual  sanitary,  manufacturing,  and  domestic  pur- 
poses ;  or,  where  the  manufactures  are  in  excess,  then  from 
20  to  25  gallons  should  be  allowed.  But  where  the  internal 
fittings  are  not  properly  looked  after,  that  amount  of  water 
may  be  increased  to  from  80  to  60  gallons  per  head  per 
day.] 
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CHAPTER  n. 

RESERVOIES  FOR  WATER  SUPPLY. 

The  site  to  be  chosen  for  the  reservoirs  mnst  be,  so  far  as 
economy  of  construction  only  is  concerned,  as  near  as  possi- 
ble to  the  source  of  supply,  if  the  latter  be  situated  at  a  low 
level ;  or  to  the  commencement  of  the  distribution,  if  the 
waters  be  led  from  a  great  distance.  It  is  advisable,  also, 
wherever  it  can  be  conveniently  effected,  that  all  such 
reservoirs  be  placed  out  of  the  reach  of  the  impurities  of  the 
atmosphere  of  all  large  centres  of  population ;  and  that  they 
be  protected  from  dust  and  soot,  as  well  as  great  changes  of 
temperature.  These  considerations  are  often  of  so  great 
importance,  that  they  may  cause  it  to  be  preferable  to 
augment  the  engine-power,  and  construct  the  reservoir  at  a 
lower  level,  even  if  they  do  not  lead  to  the  abandonment  of 
the  latter  altogether. 

In  addition  to  the  remarks  already  made,  with  respect  to 
the  construction  of  reservoirs,  in  this  and  the  preceding 
chapters,  it  is  necessary  to  state,  that  whenever  such  works 
are  to  be  executed  for  a  town  supply,  they  must  be  formed 
of  such  materials  as  are  not  likely  to  affect  the  qualities  of  the 
waters  they  are  intended  to  receive.  In  all  cases  of  this 
desciiption,  to  a  certain  extent  the  waters  must  be  stagnant, 
and  they  are  then  likely  to  absorb  any  soluble  salts  con- 
tained either  in  the  earth  or  in  the  masonry  of  the  wall.  It 
appears,  therefore,  to  be  very  doubtful  whether  water  intended 
tor  town  distribuUon  B\io\][!LA.  >aft  ^\«t^\  Ssi  T^^^rvoirs  which 
ure  paddle-lined  or  pitcViedmVii  ca\<iwt^wva>aXCTift».   ^^vass^ 
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sandstones,  hard-burnt  bricks,  or  the  argillo-calcareons  stones, 
bedded,  where  necessary,  in  powerfully  hydraulic  limes,  or  in 
cements,  or  iron,  protected  from  the  immediate  chemical 
action  of  the  water,  are  unquestionably  the  most  advisable 
materials  to  be  used  in  forming  the  faces  immediately  in 
contact  with  the  water.  The  positions  of  the  inlet  and  outlet 
pipes  should  be  arranged  in  such  a  manner  as  to  insure  a 
constant  flow  through  the  body  of  water  in  the  reservoir ; 
and  precautions  should  be  taken  to  keep  back  any  impurities 
which  might  be  introduced,  by  either  forming  depositing- 
wells  under  the  inlet-pipes,  or  by  placing  gratings  or  Alters 
over  the  heads  of  the  outlets. 

The  other  accessories  to  reservoirs  intended  to  hold  waters 
for  town  distribution  are  simply — 1,  the  valve-pit,  placed  at  a 
small  distance  from  the  outlet  through  which  both  the  pipes 
are  made  to  pass  if  possible  :  it  is  formed  for  the  purpose  of 
working  and  examining  the  respective  valves  by  means  of 
which  the  water  is  admitted  to  or  excluded  from  the  reser- 
voir or  the  pipes,  as  the  case  may  be ;  2,  the  overflow-pipe, 
waste-weir,  or  other  provision  for  regulating  the  height  of 
the  water;  8,  the  scouring  or  cleansing-pits,  with  a  dis- 
charge-pipe placed  at  such  a  point  as  to  allow  the  whole  of 
the  water  to  be  drawn  off  if  requisite ;  and,  4,  means  of  access 
to  the  bottom  of  the  reservoir.  It  is  desirable,  and  practi- 
cally it  is  almost  always  so  arranged,  that  the  outlet-pipe  be 
so  placed,  that  a  certain  depth  of  water  should  always  be 
retained,  excepting  when  the  cleansing-pipe  is  opened.  The 
object  proposed  by  this  arrangement  is  to  allow  a  more 
effectual  deposition  of  the  mechanical  impurities  of  the  water. 

[In  constructing  the  dams  of  reservoirs,  the  system  usually 
followed  is  to  excavate  the  ground  to  a  depth  sufficient  for 
removing  from  its  area  all  material  of  a  boggy,  peaty,  slip- 
pery, or  compressible  nature,  as  well  as  any  silt  oc  ^<^\}x^ 
which,  when  acted  on  by  water,  is  \ikd^  U>  x^an  yclW  ^  Q^<5>i^- 
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sand.  In  the  centre  of  the  dam,  a  paddle  wall,  or  core,  is 
formed  of  tough  impervioas  clay,  let  into  a  trench  which  is 
dug  out  to  receive  it,  and  carried  up  to  the  level  of  the  top 
of  the  embankment.  The  thickness  of  the  core  is  dependent 
to  some  extent  on  the  total  height  of  the  embankment.  The 
width  at  the  top  is  made  of  various  widths  of  from  5  feet  to 
10  feet.  It  is  made  with  a  batter  on  both  sides  which  is 
generally  such  that  the  thickness  at  the  base  is  about  ooe- 
third  of  the  depth  of  the  water  to  be  sustained.  A  good  rule 
is  to  make  the  width  at  the  top  10  feet,  and  to  give  the  sides 
a  batter  of  1  inch  per  foot.  For  an  embankment  rising 
6  feet  above  the  water,  to  sustain  the  pressure  of  66  feet  of 


Fig.  273.— Dam  for  Beserroir :  Normal  Seotion. 

water,  the  thickness  at  the  bottom  would,  by  this  rule,  amount 
to  22  feet.  The  puddle  wall  is  immediately  supported  at 
each  side  by  material  selected  for  its  retentive  character,  and 
the  remainder  or  outer  portion  of  the  bank  is  made  up  of 
the  harder  or  loss  impervious  earths.  The  inner  slope  is 
covered  with  stone  pitching,  to  prevent  injury  to  the  em- 
bankment by  the  wash  of  water.  The  normal  section  of 
such  a  dam  is  illustrated  in  Fig.  273. 

Dams  constructed  of  masonry  are  better  and  safer  than 
earthen  dams,  provided  that  they  are  built  upon  a  continuous 
foundation  of  rock.  They  are  adopted  in  countries  where 
the  hard,  primitive,  basaltic  rocks  prevail,  and  where  special 
provision  against  the  percolation  of  water  is  not  demanded. 

The  outlet  for  water  from  the  reservoir  it  was  customary, 
formerly,  to  carry  through  and  under  the  earthwork  of  the 
embankment.    On  this  system,  there  is  a  constant  risk  of  the 
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leakage  of  water  along  the  surface  of  the  pipe  or  culvert 
itself,  by  the  unequal  pressure  of  the  embankment,  and  by 
the  unequal  settlement  to  which  it  is  liable  at  the  place  where 
it  traverses  the  puddle  trench.  Naked  cast-iron  pipes,  thus 
exposed,  are  peculiarly  liable  to  fracture  if  they  be  only  sur- 
rounded by  puddle  ;  and,  if  they  be  commanded  by  a  valve 
at  the  outer  end,  being  thus  constantly  and  necessarily  full 
of  water,  the  risk  of  damage  is  evidently  greater  than  when 
the  shut-off  valve  is  placed  at  the  inner  end  of  the  pipe.  Bat, 
even  where  the  pipe  is  carried  through  a  culvert  of  masonry 
or  of  brick,  the  culvert  itself  is  exposed  to  the  strain  of  unequal 
settlement  at  the  centre  where  it  crosses  the  puddle  trench. 

In  the  opinion  of  Mr.  A.  R.  Binnie  and  other  engineers, 
the  best  method  of  providing  an  outlet,  and  at  the  same  time 
obviating  the  risks  of  failure  above  noticed,  is  to  design  the 
embankment  so  that  it  can  itself  settle,  and  may  compress 
the  ground  on  which  it  stands,  without  either  doing  injury 
to  itself  or  to  any  other  part  of  the  work,  and  to  design  the 
outlet  in  such  a  manner  that  it  shall  be  perfectly  under  con- 
trol, and  that  any  leakage  from  it  will  not  injure  the  embank- 
ment. For  the  attainment  of  these  objects,  tunnel- outlets 
have  been  constructed,  formed  of  masonry  or  of  concrete 
and  iron,  placed  in  a  drift  or  adit,  which  has  been  regularly 
mined.  The  course  of  the  tunnel  is  carried  either  round  *and 
clear  of  the  end  of  the  embankment ;  or,  if  passing  under  any 
part  of  it,  it  is  situated  at  a  considerable  depth  in  the  solid 
rock  below  the  base,  not  only  of  the  embankment  but  also  of 
the  puddle  trench.  The  flow  of  the  water  through  the  tun- 
nel is  generally  regulated  by  a  valve-tower  in  the  reservoir 
at  the  inner  end  of  the  tunnel,  or  by  valves  built  in  a  well 
situated  about  midway  in  the  length  of  the  tunnel,  and  quite 
clear  of  the  embankment.  The  first  is  the  better  system,  as 
it  provides  for  shutting  off  the  water  from  the  whole  length 
of  the  tunnel,  when  the  tunnel  is  required  to  be  clear  for 
inspection  or  repair.] 
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Should  the  only  available  source  of  supply  be  of  a  quality 
to  require  filtration,  it  will  be  found  advisable  to  perform  that 
operation  at  the  very  latest  possible  period  before  the  distri- 
bution takes  place.  However  perfectly  filtration  be  per- 
formed, whether  by  chemical  or  merely  by  mechanical  agents, 
if  the  water  be  stored  for  any  length  of  time  afterwards  it 
will  infallibly  develop  or  take  up  impurities.  The  course 
adopted  by  some  of  the  London  companies — ^filtering  the 
water,  and  then  raising  it  into  reservoirs,  where  it  is  exposed 
during  several  days  to  the  action  of  the  atmosphere— is  radi- 
cally incorrect.  In  such  and  in  all  similar  cases  the  water 
should  bo  allowed  to  settle  at  the  lower  level,  and  the  filtra- 
tion should  take  place  after  it  leaves  the  upper  reservoirs. 
Precautious,  however,  must  be  taken  to  insure  that  all  im- 
purities likely  to  choke  the  pumpiug-mains  be  removed  before 
the  water  enters  them. 

Wherever  filters  are  used,  it  is  customary  to  construct  be- 
fore them  settling  reservoirs,  in  which  the  waters  may  deposit 
the  grosser  impurities  they  may  contain ;  and  it  appears 
advisable  that  these  should  be  of  sufficient  capacity  to  allow 
the  water  to  settle  during  at  least  three  days.  From  thence 
it  must  be  led  upon  the  filter,  without  velocity  or  current 
able  to  act  upon  the  materials  of  which  this  may  be  composed. 
The  filters  themselves  may  be  either  chemical  or  mechanical ; 
that  is  to  say,  they  may  either  alter  the  qualities  of  the  water 
or  they  may  merely  act  by  removing  impurities  in  suspension. 
To  effect  the  former  is  necessarily  a  costly  and  difficult  opera- 
tion, and,  indeed,  so  much  so,  that  it  may  fairly  be  con- 
sidered unattainable  with  the  whole  quantity  required  for  a 
town  supply.  And  if  the  water  be  immediately  taken  from 
a  good  mechanical  filter,  with  as  great  rapidity  as  this  can 
yield  it,  the  quality  will,  in  almost  every  case,  satisfy  not 
only  the  public  demand,  but  also  the  real  exigencies  of  the 
case. 


CHAPTER  m. 
FILTRATION  FOB  WATEB  SUPPLY. 

[Fob  large  towns  where  filtration  is  necessary,  by  the  system 
generally  adopted  the  water  is  filtered  downwards,  passing 
by  its  gravitation  through  layers  of  sand  and  gravel.  For 
this  purpose  shallow  reservoirs  are  constructed,  of  which  a 
common  form  is  shown  in  section,  Fig.  274,  usually  lined 
with  brick,  with  inclined  sides,  and  a  floor  nearly  flat. 
Drains   are   formed    on   the   floor   and   are   covered    with 
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Fig.  274.— Filtxation  Beflenroir. 

filtering  material  to  a  depth  of  about  4  feet.  At  the  top 
there  is  a  layer  of  2  feet  of  coarse  granular  silicions 
sand,  insoluble  in  water,  of  the  size  of  bay  salt ;  next  there 
is  a  layer,  6  inches  deep,  of  coarse  sand  or  of  fine  gravel  about 
the  size  of  peas  and  beans  ;  then  a  6-inch  layer  of  coarser 
gravel  of  the  size  of  walnuts ;  and  at  the  bottom  a  layer, 
12  inches  thick,  of  rubble  stones  about  the  size  of  potatoes  and 
turnips,  surrounding  and  covering  the  drains.  This  filter  is 
cleansed  from  time  to  time  by  removing  a  few  inches  of  the 
upper  stratum  of  sand,  which  after  haying  been  washed  can 
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be  replaced  on  the  filter.  In  forming  a  filter-bed  care  shonld 
be  taken  that  the  sand  is  not  fine,  otherwise  the  filter  speedily 
becomes  choked.  Coarse  granular  sand  attracts  the  particles 
of  matter  suspended  in  the  water  just  as  well  as  the  finest 
sand. 

The  pipes  which  lead  from  the  drains  under  the  filter  to 
the  pure-water  tank  should,  according  to  Mr,  Binnie,  be  so 
arranged  that  the  head  of  water  on  the  surface  of  the  sand 
should  not  exceed  12  inches,  for  the  success  of  the  process 
of  filtration  is  contingent  on  the  slowness  with  which  the 
water  passes  through  the  filtering  bed.  Mr.  Bateman  has 
found  in  practice  that  such  a  filter  can  properly  purify  water 
when  the  rate  of  progress  does  not  exceed  6  inches  Tortically 
per  hour,  equivalent  to  a  discharge  of  75  gallons  per  super- 
ficial foot  per  day  of  twenty-four  hours.  By  this  measure 
1,500  square  yards  of  filtering  area  should  be  provided  for 
every  1,000,000  gallons  required  per  day,  and  an  allowance 
in  addition  as  provision  for  setting  off  the  filter  from  time  to 
time  for  cleaning  and  repair. 

Mr.  Hawksley  is  of  opinion  that  sand  filters  operate  not 
only  mechanically  but  also  chemically,  and  that  the  chemical 
changes  depend  very  much  upon  the  particular  state  of  the 
organic  matter  in  the  water,  and  on  the  admission  of  the  free 
oxygen  of  the  atmosphere.  The  sand  filter  clears  the  water 
mechanically  by  the  agency  of  the  well-known  principle  of 
attraction  and  aggregation.  When  the  water  descends 
slowly  through  the  filter,  the  minute  particles  of  matter  sus- 
pended in  it  are  attracted  by  the  facets  of  the  sand,  and  they 
adhere  there.  Thus  the  water  becomes  clear,  and  the  opera- 
tion is  carried  on  so  rapidly  that  scarcely  in  any  filter  does 
the  water  remain  foul  for  more  than  a  few  inches  below  the 
surface  of  the  filter  bed.  A  thin  bed  of  sand  is  therefore 
considered  to  be  just  as  effective  as  a  bed  of  2  feet  or  8  feet 
in  thickness.  The  sand  filter  also  acts  chemically,  for  it 
aetually  destroys  organic  matter,  and  it  deprives  water  in 
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which  lime  is  held  in  solation  by  the  excess  of  carbonic  acid 
of  part  of  the  chalk,  thereby  softening  the  water.  Any  sub- 
stance which  attracts  oxygen  to  its  surface  and  renders  it  to 
organic  matter,  destroys  the  organic  matter,  and  renders  the 
water  pure.  This  action  is,  to  some  extent,  set  up  in  the 
sand  filter. 


Figr.  275. 


Fig.  276. 
Filter  Beda  and  Pore-water  Tank,  Leicester  Watenrorka. 

The  arrangement  of  filter-beds  and  the  pure-water  tank 
of  the  Leicester  Waterworks,  designed  by  Mr.  Hawksley,  are 
illustrated  by  Figs.  275  and  276.  Before  filtration,  the  water 
holds  in  suspension  a  perceptible  quantity  of  muddy  matter, 
and  is  also  sensibly  brown  from  a  little  peat  and  other  organic 
matter  found  on  the  surface  of  the  watershed  from  which 
the  water  is  derived.  After  filtration,  the  water  is  completely 
freed  from  matters  in  suspension,  and  is  generally  deprived 
of  colouring  matter,  though  in  the  worst  seasons  there  is 
sometimes  a  slight  discolouration.  The  water  is  brought 
from  a  large  storage  reservoir,  about  40  acres  in  extent,  into 
the  filter-beds,  four  in  number,  in  separate  channels,  so  that 
either  filter  may  be  cut  off  and  cleaned  without  disturbing 
the  action  of  the  others.  The  filter-beds  are  each  99  feet 
long,  66  feet  wide,  and  8  feet  8  inches  deep.  They  hold 
sand  to  a  depth  of  2i  feet,  upon  2^  feet  of  gravel,  varying  in 
size  from  that  of  beans  to  that  of  eggs.     The  water  then 
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pnsseB  down  thiongb  the  Band  and  the  sncoesmve  stnU  of 
grtivol,  into  the  drains,  and  from  these,  by  means  of  pipes, 
into  the  contra!  pure-water  tank.  This  tank  is  8  feet  8  iuchet 
deep,  and  holds  7  feet  B  inches  of  water.  To  prevent 
tho  pressure  exceeding  a  certain  limited  extent,  the  pipM 
deliver  tho  pure  water  into  a  pipo  which  stands  up  in  the 
pure-water  titnk  within  2  feet  of  the  sarface.  By  this  eon- 
trivance  there  can  never  be  more  than  2  feet  of  pressnre 
upon  the  sand,  and  the  water  is  obliged  to  go  through  at  ■ 
alow  rate,  amounting  to  about  600  or  700  galloua  per  day 
per  square  yard  of  surface,  which  ia  equivalent  to  66  or  77 
gallons  per  eijuare  foot  per  day.  The  water  thus  filtered  IB 
not  only  free  from  suspended  matter  but  is  to  some  extent 
operated  upon  chemically,  so  aa  sensibly  to  diminiah  the  pro- 
portion of  organic  matter. 

The  water  supplied  to  the  inhahitantB  of  Berlin  is  derived 
from  the  river  Spree.  Previous  to  its  being  received  into  the 
tank  or  reservoir  for  distribution,  the  water  is  passed  through 
filters  and  is  freed  from  impurities  ;  but,  after  remaining  in 
the  open  tank  for  a  day  or  two,  the  whole  surface  of  the  water 
got  covered  with  coufervte  and  vegetation  of  various  kinds. 
The  water  also  lost  its  transparency,  and  became  thickly 
turbid.  The  engineer  thereupon  roconimended  that  tho  pure- 
water  tanks  should  be  covered  over.  They  were  covered, 
and  immediately  the  unpleasant  symptoms  disappeared,  the 
water  rcmaiuiug  in  its  pure  condition.  Mr.  J.  F.  Batcman 
reports  a  similar  occurrence  at  the  Warrington  Waterworks, 
where  the  water  was  collected  from  gentle  slopes  of  cultivated 
land  of  the  New  Red  Sandstone  formation  into  a  reservoir, 
after  which  it  was  rendered  perfectly  pellucid  by  being 
filtered  through  sand,  and  was  then  passed  into  a  tank  not 
more  than  6  feet  deep.  Although  that  water  was  filtered  as 
well  as  it  could  be,  it  very  soon  became  filled  with  auimal- 
cttJes,  for  the  separation  ot  «\^\i'\&T.%B.\:tna«x^  introduced  a 
copper  wire-gauzo  stioiuoi  oi  6\^Vi«Xw.^4»\^o*i»"ai^.'^^iv 
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it  was  so  difficalt  to  cleanse  the  gauze  from  the  animalcules, 
that  he  ultimately  resorted  to  the  covering  over  of  the  reser- 
voir. This  was  effected  without  emptying  the  reservoir  by 
erecting  vertical  pillars  supporting  cross  beams,  on  which 
large  flags  were  placed.  As  the  work  progressed  the  con- 
fervas beneath  the  covered  parts  gradually  fell  to  the  bottom, 
and  by  the  time  it  was  finished  they  had  entirely  disappeared, 
whilst  the  water  has  been  delivered  in  a  pure  state  ever 
since. 

The  growth  of  confervae  is  peculiar  to  shallow  waters.  In 
tanks  of  from  15  feet  to  20  feet  deep  they  are  not  generated. 
The  service  reservoirs  of  the  Manchester  Waterworks,  which 
are  lined  with  bricks  throughout,  are  18  feet  deep  at  one  end 
and  20  feet  deep  at  the  other  end.  They  are  kept  constantly 
filled  to  within  a  foot  or  two  of  the  top,  and  no  vegetation 
appears  upon  them.] 


CHAPTER  rV. 
MODE  OF  DISTRIBUTION  OF  WATER  SUPPLY. 

When  the  source  of  supply  shall  have  been  determined  upoD, 
it  becomes  necessary  to  consider  the  system  of  distribution 
to  be  adopted.  Formerly,  in  almost  all  English  towns,  this 
was  effected  by  what  is  called  the  intermittent  system,  in 
which  the  water  was  supplied  from  the  mains  during  a  greater 
or  less  number  of  days  in  the  week,  and  stored  in  cisterns  for 
domestic  use  in  the  intervals.  This  system  still  prevails  in 
London  and  in  many  other  towns.  Of  late  years — and  prin- 
cipally by  the  influence  and  authority  justly  attached  to  the 
name  of  its  most  zealous  advocate,  Mr.  Hawksley,  beyond 
all  dispute  the  ablest  engineer  practising  the  peculiar  branch 
of  the  profession  connected  with  the  distribution  of  water — a 
system  known  by  the  name  of  ''the  constant  and  high  pres- 
sure *'  has  been  introduced.  It  consists  in  so  arranging  the 
supply,  that  not  only  the  mains  but  also  the  house  services 
are  always  charged  day  and  night,  and  the  pressore  ia 
usually  such  as  to  insure  the  delivery  of  water  at  the  highest 
level  in  a  town  at  which  it  can  possibly  be  required. 

Abstractedly  considered,  there  can  be  no  doubt  bat  that, 
in  every  point  of  view,  the  constant  delivery  must  be  the 
best.  Any  person  who  would  take  the  trouble  to  look  at, 
for  it  is  not  necessary  to  examine,  the  various  receptacles 
(butts,  tanks,  or  cisterns)  used  to  contain  water,  in  the 
poorer  parts  of  towns  eapecvaXV^,  ^^ixmcA.  I^sWa  b«  disgusted 
frith  the  foul  contagioii  io  ^^sicYi  VS[i^  ^%\«t  \aaa\.>a^  ^sv^cjcdi^. 
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In  the  houses  of  the  rich,  some  precautions  are  taken  to  re- 
move cisterns  from  the  soot  and  filth  of  our  town  atmosphere, 
to  place  them  heyond  the  immediate  effects  of  the  variations 
of  temperature.  But  it  is  far  otherwise  with  the  houses  of 
many  of  the  middle  and  of  all  the  poorer  classes ;  and  in 
them  the  recipients  for  the  water  required  for  domestic  use 
are  almost  always  placed  in  positions  where  they  cannot  fail 
to  become  corrupt,  and  to  imbibe  principles  highly  injurious 
to  the  hygienic  condition  of  the  unfortunate  beings  condemned 
to  use  them. 

[Mr.  G.  F.  Deacon,  in  1875,  forcibly  pointed  out  the  sources 
of  waste  of  water  in  connection  with  the  question  of  constant 
Bwp^ly  versus  intermittent  supply,  and  the  evidence  of  the  waste- 
water meter  introduced  by  him.  He  divided  waste  of  water 
into  two  classes  :  1.  Continuous  or  hidden  waste,  being  that 
which  flows  from  pipes  or  cisterns  below  ground,  and  some- 
times by  hidden  pipes  from  cisterns  above  ground.  2.  Dis- 
continuous or  superficial  waste,  being  that  which  arises  from 
defective  fittings  above  ground,  or  from  taps  and  valves  tem- 
porarily left  open.  Out  of  every  100  gallons  of  water  pass- 
ing into  a  service  main  during  twenty-four  hours,  says  Mr. 
Deacon,  it  was  not  unusual  (in  Liverpool)  for  85  gallons  to  be 
lost  by  continuous  or  hidden  waste,  and  85  gallons  by  dis- 
continuous or  superficial  waste,  whilst  only  80  gallons  were 
drawn  off  for  use.  The  greater  part  of  the  waste  is  traceable 
to  imperfection  of  fittings.  Mr.  Hawksley,  speaking  on  this 
subject,  found  that  the  rate  of  consumption  varied  enor- 
mously in  large  cities  where  there  was  a  constant  supply  day 
and  night,  and  every  person  drawing  as  much  or  as  little  as 
he  pleased.  The  consumption  varied  from  15  gallons  to  100 
gallons  per  head  of  the  population  per  day,  including  the 
supply  for  manufacturing  and  sanitary  purposes.  No  more 
water  was  wanted  in  the  city  where  the  quantity  was  100 
gallons  per  head  per  day,  than  in  ttie  \d0^ii'^\!^<:^^%»»  ^^w^^ 
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with  15  gallons  per  head  per  day.  In  many  placea  the  com- 
pany OF  the  corporation,  or  whoever  might  be  the  party 
Bnpplying  the  water,  merely  tarDB  the  water  into  the  pipes, 
and  leaves  the  care  of  the  internal  fittings  and  the  mode  of 
their  application  entirely  to  the  consnmer,  or  to  the  builder, 
or  to  the  landlord,  as  the  case  might  be.  The  resttlt  is,  as  a 
rale,  the  worst  possible  character  of  fittings,  and  every  cistem 
snpplied  with  an  overfiow  pipe,  and  where  there  is  an  over- 
flow pipe,  as  a  matter  of  coarse  the  ball-cock  which  lets  in 
water  is  never  attended  to.  The  consequence  is,  the  ball- 
cock  gets  out  of  order  ;  it  will  not  rise  to  ahnt  off  the  water, 
and  the  water  rnna  down  the  waste-pipe  day  and  night.  The 
same  thing  happens  to  Eoil-pans  and  also  to  water-closets,  the 
handles  of  which  are  propped  up  under  the  notion  of  "  doing 
good  to  the  drains."  The  result  is,  the  water  runs  away 
without  anybody  being  sensible  of  the  loss. 

Mr.  Hawksley  logically  stated  the  conditions  of  constant 
service  contrasted  with  intermittent  service,  in  the  coarse  of 
a  discuSBion  at  the  Institution  of  Civil  Engineers  in  1870.* 
The  appamtua,  he  says,  which  has  been  adopted  for  render- 
ing the  constant  supply  of  water  saccessfnl  by  soppressing 
the  waste,  to  which  otherwise  it  would  be  subject,  is  distinct 
from  the  apparatus  used  for  intermittent  service.  In  constant 
service,  pressure  is  applied  to  the  pipes  during  the  whole 
twenty-four  hours  instead  of  only  during  a  very  small  por- 
tion of  that  time.  Now  if  a  service-pipe  in  the  interior  of  a 
house  would  bear  pressnie  for  half  an  hour  it  would  bear  the 
same  pressure  for  half  a  year  ;  but,  in  the  case  of  the  con- 
stant supply,  forces  come  into  operation  which  do  not  actually 
operate  in  the  intermittent  system,  or  only  to  a  small  extent. 
For  where  the  supply  is  intermittent,  the  draught  during  the 
short  time  the  water  is  on,  owing  to  the  m^ority  of  the  ball- 
cocks  in  the  houses  being  open,  very  mnch  diminishes  the 
pressure,  and  besides  that  there  are  few  or  no  shocks.  But 
*  livteedinjl  of  tfu  Inttilutum  of  Citii  SHgiateri,  "tot,  mi.  p.  62. 
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upon  the  system  of  constant  supply  the  pipes  are  subjected 
to  all  the  shocks  occasioned  by  the  rapid  closing  of  the  cocks 
whereby  the  column  of  water  is  suddenly  arrested  when  in 
rapid  motion.  That  brings  on  a  considerable  amount  of  im- 
pulsive action  which  is  unknown,  or  little  known,  in  the  case 
of  an  intermittent  supply  ;  and  it  is  constantly  found  that  the 
pipes  leading  into  the  houses  and  distributed  through  the 
houses,  although  perfectly  competent  to  bear  the  pressure  of 
the  intermittent  supply,  will  not  bear  that  of  the  constant 
supply  when  it  becomes  introduced  in  place  of  the  inter- 
mittent supply.  From  this  it  follows  that,  wherever  the  con- 
stant supply  has  been  introduced,  either  voluntarily  or  by  the 
pressure  of  the  legislature,  it  has  been  found  necessary  to 
adopt  rules  and  regulations  for  determining  the  magnitude 
and  thickness  of  the  pipes,  also  the  mode  in  which  the  pipes 
should  be  united,  and  the  kind  of  tap  and  ball-cock  and 
water-closet  apparatus  to  be  used  in  connection  with  the  con- 
stant pressure. 

The  rules  and  regulations,  Mr.  Hawksley  proceeds  to  state, 
now  found  to  be  necessary,  and  very  generally  adopted,  are 
reduced  to  writing.  Formerly,  universally,  and  still  in  most 
cases  where  the  intermittent  supply  is  used,  a  common 
plug-tap  is  applied.  This  has  the  effect,  on  rapid  closing, 
of  suddenly  arresting  the  column  of  water  in  the  lead  service- 
pipe,  and  gives  rise  to  two  or  three  violent  reactions.  In 
time,  the  lead  pipe  expands  into  a  sort  of  aneurism,  and  ulti- 
mately bursts  by  a  long  slit,  exactly  as  an  artery  under  simi- 
lar circumstances  bursts  in  the  human  body.  Thus  the  intro- 
duction of  a  constant  supply  leads  to  the  flooding  of  houses, 
damage  of  furniture,  and  destruction  of  property  in  many 
ways.  But  that  has  been  entirely  got  over,  and  a  cure 
established  by  the  introduction  of  a  screw-down  cock  in  lieu 
of  the  old  plug-tap.  This  closes  slowly  against  the  pressure 
of  the  water,  and  prevents  recoil.  Also,  by  reason  of  the 
looseness  of  the  face,  the  leather  wiiicVi  \a  VD\.er^Q^^^  lort  ^^ 
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pnrpoEe  of  making  a  perfect  valve  doee  not  tnm  ronnd  m 
its  face  with  tbe  revDliition  of  the  Bcrevr  ;  and,  conMqnently, 
it  is  not  ground  or  worn  away  as  when  the  leather  tnm 
round  mtb  the  screw.  These  valves  do  not  lead  to  tbi 
bursting  of  the  pipes,  and  are  besides  perfectly  watertigbt, 
while  other  valves  are  not.  Conseqaently  the  condnnint 
trickle,  which  is  often  observed  in  other  valves,  and  atnonntt 
to  a  serious  quantity,  docs  not  occur.  Moreover,  the  leathera 
can  be  replaced  at  aboat  the  cost  of  a  penny,  and  k 
cocks  will  last,  with  very  little  expense  to  the  honsehoJdcr, 
for  a  considcrnblo  number  of  years.  Probably,  however, 
nine-tenths  of  the  whole  waste  of  vater  arises  in  the  wat 
closets  ;  nnd  in  eveiy  case  where  the  constant  supply  has  In 
attemptGd  without  a  special  appantas  to  prevent  the  en 
inous  wiiete  wbicli  olherwiso  occurs  in  the  water-cloEete, 
there  baa  been  a  fuibire  of  the  constant  service  Bj'stem, 
cases  where  there  has  not  been  total  failure,  the  leakage  bu 
brouglit  up  tbc  >:npply  from  under  20  gallons  per  head  p^r 
diem  to  50  gallons  or  more ;  and,  in  one  town  with  which 
Mr.  Hawki^lcy  is  well  acquainted,  the  amoant  of  water  di^ 
tributod  and  wasted  through  water-closets  has  amounted  to 
110  gallons  per  head  per  diem.  An  apparatus  has  becD 
arranged,  and  is  largely  in  use,  that  has  completely  removed 
this  diflicuUy.  Watcris  introduced  into  avcseel  in  the  usual 
way  by  means  of  a  ball-cock.  From  this  vessel,  another 
vessel  of  a  definite  size,  to  hold  one  charge  of  water  is  filled 
through  a  communicating  valve.  When  the  wire  is  pulled, 
this,  the  first  valve,  closes,  and  a  second  valve  opens  and 
delivers  the  charge  of  water  rapidly  through  a  wide  pipe  into 
the  basin  to  admit  of  a  powerful  flush  of  water.  When  the 
wire  is  released,  the  second  valve  is  closed  and  tbc  first  valve 
is  opened,  and  the  second  vessel  is  filled  for  another  charge. 
At  Norwich,  where  this  apparatus  has  been  in  general  use, 
the  reduction  of  the  e^peMiVutb  of  wntcr  has  been  from  40 
gallona  pei  head  pet  diem  \,o  \&  g,aMD^s  Y»^>iB»Ay!,x  ?vMe 
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Mr.  A.  R.  Binnie*  commnnicates  the  results  of  experi- 
mental tests  of  the  access  of  pressure  in  lead  pipes  due  to 
the  sndden  closing  of  the  plug-tap  on  a  moving  hody  of  water 
passing  through  the  pipes.  A  lead  pipe,  }  inch  in  diameter, 
114  feet  in  length,  was  connected  at  one  end  to  a  B-inch 
supply  main.  At  the  other  end  there  was  fixed  a  plag-cock 
having  an  effective  sectional  area  of  *152  square  inches  of 
waterway.  The  pressure  of  the  water  in  the  pipe  was  indi- 
cated hy  a  gauge  connected  to  the  pipe  near  to  the  tap.  The 
indicated  pressures  were  as  follows : — 

Before  opening     .  .126  lbs.  per  square  inch. 

When  open 20  Ibe.  „ 

When  shut  quickly  .    660  Ibe.  „ 

The  momentary  exaltation  of  the  pressure  to  660  lbs.  per 
square  inch,  amounted  to  nearly  four  and  a  half  times  the 
normal  pressure,  or  the  pressure  at  rest*  But  it  was  gradu- 
ally reduced  in  successive  oscillations  to  the  normal  pressure 
of  126  lbs.  per  square  inch.  The  pressure-gauge  was  then 
removed  to  the  other  end  of  the  lead  pipe  at  the  inlet,  at  a 
distance  of  114  feet  from  the  tap,  when  the  indicated  pres- 
sures were  as  follows  : — 

Before  opening 126  Ibe. 

When  open 120  Iba. 

When  shut  quickly 220  Ibi. 

Mr.  Binnie  mentions,  in  contrast,  two  instances  at  Oxford 
and  Cambridge,  of  economy  of  water  realised  under  the  con- 
stant service  by  the  adoption  of  suffici.ent  fittings ;  and  waste 
of  water,  under  intermittent  service,  with  insufficient  fittings. 
The  water  supply  at  Oxford  under  constant  service,  available 
to  the  consumer  in  any  quantity,  is  consumed  at  the  rate  of 
just  12  gallons  per  head  per  day.  On  the  contrary,  at  Gam- 
bridge,  where  the  water  supply  is  intermittent,  lasting  for 
10  hours  each  day,  the  consumption  and  the  waste  together 
amount  to  80  gallons  per  head  per  day.] 

«  "  Chatham  Lect ar«e  on  Wat«r  Bu^Vf .''    ^mi&sii\%T\  . 
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CHAPTER  V. 

POWER  FOR  RAISING  WATER  FOR  WATER  SUPPLY. 

When  the  source  of  supply  finally  chosen  is  at  a  lower  level 
than  the  points  from  which  the  distribution  is  to  be  effected, 
or  than  the  highest  point  to  which  the  water  is  to  be  de- 
livered,  it  becomes  necessary  to  employ  some  mechanical 
agent  to  raise  it.  For  all  town  purposes  the  choice  of  the 
particular  agent  is  limited  either  to  steam  or  water  power, 
according  to  the  circumstances  of  the  town  under  considera- 
tion ;  and  in  both  cases  the  motive  power  must  be  applied  to 
pumps,  because  they  alone,  of  the  various  descriptions  of 
intermediate  machinery,  can  force  the  water  to  the  height 
and  the  distance  it  is  generally  required  to  overcome. 

The  towns  of  Philadelphia  and  Richmond,  in  the  United 
States,  and  of  Toulouse,  in  France,  are  supplied  by  water- 
wheels,  all  undershot.  Of  these,  the  wheels  at  the  Fairmount 
Waterworks,  Philadelphia,  are  the  most  remarkable  on  account 
of  the  volume  of  water  they  are  designed  to  lift.  This  is  not 
less  than  about  10,000,000  gallons  per  day,  with  a  dead  lift 
of  92  feet,  through  cast-iron  pipes  16  inches  diameter.  The 
engine  house  is  built  for  eight  wheels  and  pumps  ;  the  former 
being  16  feet  diameter,  15  feet  on  the  face,  and  with  a  fall 
of  7i  feet  on  the  average,  and  making  thirteen  revolutions 
per  minute.  At  Richmond  there  were  two  wheels  18  feet 
diameter,  10  feet  on  the  face,  with  a  10-feet  fall,  working 
two  pomps,  and  raiBing  ^00,0^  ^i^VVoha  per  day  into  reser- 
voin  sitoaied  at  a  lie\g\it  oi  IW^  i«»feV  «Jow«5k  ^Cd^Vshi  ^^w*«t. 
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At  Tonloase,  the  wheels  are  14  feet  5  inches  in  diameter, 
5  feet  on  the  face,  with  a  fall  of  ahont  7  feet  6  inches ;  they 
are  two  in  number,  and  raise  about  896,000  gallons  per  day 
to  a  height  of  67  feet  above  the  water  in  the  well. 

In   most  of  the  large   towns  of  England  wherein  it  is 
necessary  to  employ  mechanical  power  to  raise  the  water, 
steam-engines   are   generally  used,  for  the   reasons  before 
mentioned,  or  because  the  water  power  of  the  locality  has 
been  already   appropriated.     Until   within    a    very  recent 
period  it  was  considered  that  when  the  power  of  the  engine 
was  required  to  exceed  from  20  to  26  horses,  the  description 
of  engine  known  as  the  Cornish  engine  was  the  most  advan- 
tageous ;  but  the  results  of  the  observations  lately  made  upon 
the  working  of  the  double-action  engines  erected  by  Messrs. 
Simpson  for  the  Chelsea  and  Lambeth  Companies,  and  by 
Messrs.  Bolton  and  Watts  for  the  New  River  Company,  would 
appear  to  reopen  the  controversy  with  respect  to  the  merits 
of  the  various  systems  of  pumping-engines.    Below  the  limits 
above  mentioned  there  is,  however,  a  decided  advantage  in 
using  the  most  direct-acting  engines,  both  in  respect  to  first 
cost  and  to  subsequent  working ;  or  even  in  using  small  hori- 
zontal engines  with    fly-wheels,  communicating  motion  to 
shafts  bearing  the  pump-rods.     In  the  case  of  the  Cornish 
engines,  or  rather  in  any  case  wherein  it  may  be  necessary 
to  raise  large  quantities  of  water  to  great  heights,  the  most 
favourable  conditions  of  movement  in  the  pc^mps  are,  that 
they  should  begin  by  raising  the  load  rapidly,  and  that  when 
the  first  motion  is  perfectly  determined,  the  effort  used  to 
move  that  load  should  be  diminished  progressively ;  so  that, 
in  fact,  the  motive  power  shall  cease  to  act  before  the  piston 
shall  arrive  at  the  end  of  the  stroke.     This  is  effected,  in  the 
Cornish  engines,  by  introducing  steam  at  great  pressure  upon 
the  piston,  through  large  orifices ;  the  steam  is  then  allowed 
to  expand  directly  the  inertia  of  the  water  has  been  overcome^ 
and  it  has  assumed  an  ascentional  mo^«m.<bii\i>^\a^'B^»^^^ 

z  2 
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maintained  by  a  very  small  additional  effort.  In  the  engiDes 
used  for  raising  water  from  the  Cornish  mines  themselves, 
the  initial  pressure  of  the  steam  is  about  2|  to  8  atmo- 
spheres ;  the  expansion  begins  at  from  ^  to  ^  of  the  stroke 
of  the  piston ;  and  at  the  end  of  the  stroke  the  pressure  is 
not  more  than  from  \  to  ^V  of  an  atmosphere.  In  smill 
pumping-engines,  on  the  contrary,  it  is  necessary  that  the 
action  should  be  uniform ;  and  on  this  aoconnt  it  is  advisable 
to  divide  the  action  in  such  a  manner  as  to  work  three  pumpe, 
by  means  of  cranks,  forming  with  one  another  angles  of  120^ 
upon  the  same  shaft. 

In  the  great  London  waterworks  the  style  of  engine 
usually  adopted  is  the  Cornish  engine,  and  it  may  be  wortli 
while  to  mention  here  that  in  the  East  London  Waterworks 
establishment  the  largest  single  machine  of  this  description 
has  been  erected  within  a  very  few  years,  under  the  orders 
of  Mr.  C.  Greaves.  This  engine  has  a  cylinder  of  100  inches 
in  diameter,  and  11  feet  stroke,  working  a  loaded  pole  of 
4  feet  2  inches  diameter  with  a  velocity  of  6  strokes  per 
minute,  and  raising  no  loss  than  150  cubic  feet  of  water  in  a 
stroke.  But,  as  was  said  in  the  last  paragraph,  the  expe- 
rience of  modern  engineers  appears  to  lean  in  favour  of  the 
use  of  beam  and  fly-wheel  engines  ;  and  if  all  that  is  reported 
of  the  action  of  the  machines  erected  for  the  New  Hiver  and 
Lambeth  Companies  be  correct,  there  would  appear  to  be  no 
doubt  as  to  the  superior  efiiciency  of  the  principle  npon  which 
they  are  designed.  The  engines  erected  at  the  New  River 
Head  are  of  two  kinds :  four  of  them  are  double-cylinder 
engines,  in  which  the  high-pressure  steam  of  the  first  cylinder 
acts  expansively  on  the  second,  made  by  Messrs.  Simpson 
and  Co. ;  and  the  remaining  two  are  single-cylinder  engines, 
with  a  comparatively  speaking  small  stroke,  made  by  Messrs. 
Bolton  and  Watts.  Many  years  since  it  was  said  that 
these  machines  were  able  to  perform  a  duty  equivalent  to 
08,000,000  lbs.,  raised  1  foot  high,  by  the  combostion  of 
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1  cwt.  of  coal ;  aod  now  the  duty  is  said  to  be  even  carried  so 
high  as  120,000,000  lbs.  Unfortunately,  the  experiments  from 
which  these  results  were  obtained  were  not  made  contradic- 
torily ;  and  they  must  therefore  be,  for  the  present,  received 
with  caution.  There  is,  however,  one  undoubted  advantage 
possessed  by  the  fly-wheel  over  the  Cornish  engines,  viz.  that 
they  are  capable  of  working  at  very  different  rates  of  de- 
livery. In  a  town  supply  this  may  often  become  a  n^atter  of 
serious  importance,  as  the  demand  is  subject  to  very  unex- 
pected variations  of  an  accidental  nature ;  but,  again,  it  must 
be  observed  that  the  working  details  of  the  latest  pumping 
engines,  of  whatsoever  description  they  may  be,  have  been 
so  carefully  adjusted  that  they  are  even  used  without  any 
regulating  reservoirs  or  the  old-fashioned  stand-pipes  so  gene- 
rally erected  at  the  beginning  of  this  century,  and  that  the 
drivers  of  the  engines  can  easily  meet  almost  all  the  variable 
conditions  of  the  consumption. 

Pumps. 

[The  merits  of  the  rotative  pumping-engine  have  become 
generally  recognised  for  the  purpose  of  water  supply,  more 
particularly  in  the  form  of  the  compound  engine.  At  the 
same  time,  the  direct-acting  pumping-engine,  with  compound 
cylinders,  has  also  made  its  footing  in  modem  practice.  Mr. 
Henry  Davey  has  been  very  successful  in  the  design  and 
construction  of  his  direct-acting  compound  engine  and  pump. 
Mr.  Davey  has  effected  two  important  improvements  in 
pumping-engines,  in  which  the  length  of  the  stroke  and  the 
velocity  of  the  stroke  are  not  controlled  by  a  crank  and  fly- 
wheel. By  the  first  improvement,  the  very  high  rate  of  speed 
which  prevails  at  the  commencement  of  the  indoor  stroke  of 
the  Cornish  engine  is  obviated,  whether  the  engine  makes  a 
large  or  a  small  number  of  strokes  per  minute,  whilst  at  the 
same  time  a  much  greater  average  working  speed  of  piston 
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is  reached  than  in  the  Cornish  engine.  The  second  improve- 
ment consists  in  the  prevention  of  **  hanging  "  in  the  event 
of  a  valve  not  closing,  or  of  a  pnmp-harrel  horsting ;  for 
which  purpose  a  **  differential  gear  "  is  employed,  by  means 
of  which  the  engine  can  be  broaght  to  a  state  of  rest  withoat 
any  shock.] 


CHAPTER  VI. 

MAINS  AND  DISTRIBUTING  PIPES. 

Between  the  pumping  station  or  the  collecting  reservoirs 
of  a  water  supply,  and  the  point  where  the  distribution 
to  the  various  parts  of  the  town  commences,  the  water  flows 
through  a  simple  pipe  of  an  uniform  sectional  area,  and,  as 
far  as  possible,  with  a  constant,  uniform  velocity.  In  its 
course  through  pipes  generally,  however,  the  flow  of  the 
water  is  retarded  by  a  series  of  resistances,  which  practically 
may  be  resolved  into  those  depending — 1,  upon  the  friction 
on  the  sides  of  the  pipes ;  2,  the  loss  of  velocity  occasioned 
by  the  bends ;  8,  the  loss  arising  from  the  changes  of  direc- 
tion from  the  mains  to  the  submains  or  branches,  if  any  such 
should  exist ;  and  4,  the  gurgitation  which  occurs  at  every 
interruption  in  the  flow. 

The  material  usually  employed  for  pipes  is  cast  iron,  and 
mains  of  42  inches  in  diameter  have  been  made  of  this 
metal.  Very  great  precautions  must  be  observed  in  laying 
pipes  of  such  enormous  diameter,  and  in  regulating  the  pres- 
sure at  intermediate  points  of  their  length  ;  whilst  it  is  also 
necessary  to  provide  self-acting  valves,  or  hand-valves,  easily 
closed,  in  order  to  obviate  as  far  as  possible  the  chances  of  a 
rupture  in  the  mains.  Upon  the  Liverpool  Waterworks, 
supplied  by  the  great  Rivington  Pike  reservoirs,  Mr.  Hawks- 
ley  introduced  some  very  skilfully  devised  machinery  of  this 
description  ;  and  in  the  Minutes  of  the  Institution  of  Civil 
Engineers  for  1859    will  be  found  a  tolerably  clear  account 
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of  th«  valves  and  pressure  rogolators  nsed  apon  the  Hel- 
bonroQ  Gravitation  Waterworks.  It  is  importuit  also  to 
observe  that  the  pipes  leading  from  a  distant  eonrce  of  sap- 
ply  to  a  distribnting  reservoir  mnst  be  placed  (in  fact,  like 
all  those  required  for  a  town  distribation)  at  each  a  depth 
from  the  surface  as  to  insnre  tlieir  being  beyond  the  liuiti 
of  the  effects  of  atmospherio  variations  of  temperature.  In 
England,  a  depth  of  i  feet  is  sufficient  for  ttiis  purpose; 
bat  both  in  extreme  northOTn  and  sonthem  latitudes  it  is 
necessary  to  descend  considerably  lower.  Id  some  portions 
of  the  distance  between  the  ends  of  the  mains  it  may  like- 
wise be  advisable  to  insert  double  lines  of  pipes,  and  to  make 
occasional  connections  between  the  two,  in  order  that,  in 
case  of  repairs  to  either  of  them,  tbe  flow  may  bo  maintuned 
throagh  the  other. 

[Eytelwein's  formulas  for  the  velocity  and  discharge  of 
water  in  pipes  are  old -established  fcrmnlas,  which  generally 
give  satisfactory  resolte.    They  are  as  follows : — 


(    ((»A 

T  =  the  velodt7  of  flow,  in  feet  per  second. 

tt  =  tlie  qaontitj  diachoiged  in  cubic  feet  of  water  per  minnle. 

d   —  the  diameter  of  the  pipe  in  feet. 

A   -  tha  head  or  height  of  fall  in  feat. 

I   =>  the  length  of  the  pipe  ia  feet. 

Mr.  James  Simpson  commanicated  the  results  of  experi- 
ments on  the  flow  of  water  throngh  certaia  pipes,  which 
confirmed  in  a  remarkable  manner  the  tmstworthy  oharno- 
ter  of  Eytelwein's  formnla.  The  annexed  table  shows  the 
observed  or  actoal  rate  of  discharge,  together  with  the  dis. 
charge  calcniated  by  that  formala  : — * 
•  Fntttdingt  of  the  Iiutitulim  0/  Civil  Sngiottrt,  vol  zit.  p.  31fl. 
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Mr.  Kawksley's  general  formal^  for  the  velocity  of  flow 
of  water  throagb  pipes,  ie  as  follows : — 


V  —  the  Tsloritf,  in  jarda  per  lecond. 
I  =  the  length  of  the  pipe,  in  Tardt. 

d  ^  the  diameter  of  the  pipe,  in  incite*. 
A  ^  t!iB  head,  in  inchea. 

The  same  engineer  employs  the  following  formnla  for  the 
velocity  of  water  in  a  smooth  pipe  of  enull  and  nniform 
diameter : —  

V  =  the  Telocity  in  feet  pm  Mcond. 
'  =  the  length  of  the  pipe  in  bet 

d  •  the  diameter  of  the  pipe  in  feet. 
A  -  the  head  in  feet.] 
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The  fonuola  which  expresBes  the  conditiona  of  the  flow 
of  water  in  a  pipe  of  nniform  diameter,  and  working 
nnder  a  constant  pressure,  ceases  to  be  applicable  when 
there  is  a  series  of  side  branches  or  of  snbmains,  deriving 
their  supply  immediately  from  the  principal  one .  During  the 
course  of  the  distribntion,  a  difference  in  the  volnme  of  water 
passing  throngh  the  pipes  most  necessarily  arise  from  the 
mere  fact  that  a  portion  of  the  water  will  be  drawn  off  by 
the  side  mains  ;  and  therefore  in  the  Utter  parte  of  their 
course,  the  snppty  mains  mnst  be  proportionally  diminished 
to  the  service  they  are  designed  to  snpply.  Bnt  it  may 
Bometimea  happen  in  practice,  that  the  cost  of  new  models 
for  smaller  pipes  may  be  so  great  as  to  render  it  more  eco- 
nomical to  retain  the  original  dimensions  of  the  maiDs ;  so 
that  this  question  of  detail  must  be  carefully  considered  in 
forming  the  comparative  estimates  of  the  various  modes  of 
effecting  the  supply.  It  is,  however,  always  necessary,  be- 
fore deciding  the  dimcDsions  of  any  main  pipe,  to  take  into 
account  not  only  the  absolute  theoretical  requirements  of 
the  case,  but  also  the  probability  of  any  eventual  increase  in 
the  anpply  which  the  mains  may  have  to  carry. 

Mr.  Hawksley  stated  that  the  method  he  adopted  to  as- 
certain the  diameters  to  be  given  to  the  pipes  laid  down 
upon  what  is  called  the  constant  delivery  system  (in  which 
the  pipes  are  always  nnder  charge,  and  no  cisterns  are  need), 
is  to  divide  the  length  of  the  main  in  a  street  into  portions 
of  200  yards  each,  and  to  assign  to  every  such  portion  the 
quantity  of  water  it  would  be  likely  to  require,  on  the  sop- 
position  that  that  quantity  would  be  discharged  in  fonr  hours. 
He  then  allows  for  a  loss  of  bead  eqnal  to  i  feet  in  every 
200  yards,  and  adopts,  in  calculating  the  diameters  to  be 

given,  the  formula  Js'v  h  ^  >J>  in  which  9  =  tho  Dum- 
ber of  gallons  ;  I  =  the  length  of  the  main  in  yards  ;  h  = 
the  bead  in  feet ;  and  d  =  the  diameter  reqnired,  in  inches. 
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The  pipes  from  the  pumping  stations  to  the  distrihuting 
reservoir  (and,  generally,  all  pipes  required  for  a  town  dis- 
tribution) should  be  laid  about  4  feet  below  the  surface,  and 
carefully  covered  with  earth  and  sand,  or  some  non-conduct- 
ing materials.  The  object  of  this  precaution  is  to  protect 
them  against  the  effects  of  frost,  to  maintain  an  equal  tem- 
perature in  the  waters,  and  to  place  them  beyond  reach  of 
injury  from  shock  or  jar  by  passing  weights.  In  some  por- 
tions of  the  distance  between  the  two  stations  it  may  also  be 
advisable  to  insert  double  lines  of  pipes,  and  to  make  occa- 
sional connections  between  the  two,  in  order  that,  in  case  of 
repairs  to  either  of  them,  the  flow  may  be  maintained  through 
the  other. 

These  remarks  have  necessarily  been  confined  to  the  con- 
sideration of  the  cases  in  which  water  is  raised  from  a  lower 
level  and  pumped  through  pipes.  If  the  source,  however, 
be  situated  at  a  distance,  and  at  a  higher  level  than  the  com- 
mencement of  the  distribution,  the  course  to  be  adopted  must 
necessarily  be  modified.  In  such  cases,  if  no  very  serious 
obstacles  are  to  be  met  with,  it  is  preferable  that  the  water 
be  led  in  a  conduit  rather  than  in  a  pipe ;  for  evidently  the 
friction  in  the  latter  is  much  greater,  and  the  height  of  the 
point  of  arrival  diminished  in  proportion.  Such  conduits 
should  be  covered  in  all  situations  where  the  quality  of  the 
water  is  likely  to  be  affected,  as  in  the  neighbourhood  of 
large  towns,  or  during  their  passage  through  forests  and 
underwood ;  or,  again,  in  warm  climates,  where  the  tempera- 
ture not  only  acts  injuriously  upon  the  quality,  but  also  gives 
rise  to  an  evaporation  of  a  very  serious  character.  But  if  the 
conduits  be  so  covered,  there  must  still  be  adopted  precau- 
tions for  insuring  a  perfect  ventilation  and  occasional  renewal 
of  the  air ;  and  in  the  Roman  aqueducts,  wells  also  were 
formed  at  occasional  intervals,  to  allow  of  the  deposition  of 
any  matters  in  suspension. 


CHAPTER  TU. 


An  advatitage  of  great  importance  attached  to  the  nse  of  cod- 
dnita,  rather  than  of  pipes,  for  the  conversance  of  epring 
waters,  lies  in  this,  that  any  of  the  earthy  salts  in  solation 
vhicb  they  are  likely  to  deposit  in  the  oonrae  of  time,  are 
not  so  lihely  to  produce  injoriona  ofiecta  in  open  culverts  as 
they  are  in  close  pipes.  The  separation  takes  place,  in  air, 
at  an  earlier  period  of  the  flow ;  and  it  mnst  evidently  be 
more  eaey  to  cleanse  of  repair  sach  condoits  than  it  can  be 
to  perform  the  same  operatiop  upon  pipes  buried  in  the  ground. 
On  the  other  hand,  it  moet  be  admitted  that  the  construction 
of  a  BtnaJl  condnit  is  always  a  more  ezpenEivo  operation  than 
the  employment  of  pipes  wonld  be  to  ineare  the  discharge  of 

the  aame  volume  of  water ;  so  that, 

]  eventnalty,  considerations  of  eco- 
nomy may  outweigh  those  derived 
from  the  theoretical  advantages 
above  cited.  As  an  iUustration 
of  the  extent  to  which  the  depo- 
sition of  the  earthy  salts  may 
interfere  with  and  contract  the 
effective  area  of  a  watercourse, 
the  accompanying  sketch  of  the 
transverse  section  of  the  conduit 
upon  the  celebrated  oquednct  of 
the  Pont  du  Gard  ie  added.  The  portion  shaded  of  a  darker 
eoloar,  round  tho  watetcounft,  te^reBenta    the    deposit    of 
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calcareons  matter  'which  has  gradually  acctimiilated  by  pre- 
cipitation from  the  waters,  although  great  pains  had  previonsly 
been  taken  to  insure  their  purity. 

The  most  serious  difficulties  which  are  likely  to  be  encoun- 
tered in  the  construction  of  conduits,  are  those  arising  from 
the  occurrence  of  hills  or  deep  valleys  in  the  line  they  ought 
to  follow.  The  former,  if  of  considerable  elevation,  will  re- 
quire to  be  traversed  in  tunnel ;  the  latter  may  be  passed 
either  by  aqueducts,  or  by  syphons  descending  from  a  reser- 
voir on  one  side,  and  remounting  to  a  second  at  a  lower  level, 
on  the  other ;  the  conduit  recommences  from  the  second 
reservoir. 

It  was  the  dread  of  the  deposit  from  the  waters  of  the 
Durance  which  induced  M.  de  Montricher  to  adopt  the  mode 
of  conducting  them  to  Marseilles,  which  he  finally  did ;  and 
he  was  induced  by  the  same  motive  to  construct  that  splendid 
folly,  the  aqueduct  of  Koquefavour,  shown  in  Fig.  278.  At 
the  Liverpool  Waterworks  Mr.  Hawksley  adopted  the  less 
showy  system  of  subterranean  pipes,  which,  it  may  be  added, 
is  usually  followed  by  English  engineers;  for,  working  as 
they  almost  always  do  for  commercial  companies,  they  are 
not  often  allowed  to  indulge  the  fancy  for  erecting  compara- 
tively useless  monuments. 

The  dimensions   and  form  to  be  given  to  tunnels  must 

necessarily  be  regulated,  so  far  as  the  mi- 
nimum is  concerned,  by  the  consideration 
that  the  workmen  must  be  able  to  use 
the  various   tools,    and  to  push  to  the 
extraction  pits  the  materials  disengaged 
during  their  operations.     The  nature  of 
the  rocks  traversed  will  also  affect  the 
sectional  area  of  the  excavation ;  for  if  it 
Fig. 279— Headingr.     \^q  Qf  ^  nature  to  render  lining  indis- 
pensable upon  the  sides  and  top,  as  well  as  for  the  water 
cbannel  itself,  the  dimensions  evidently  must  be  increased. 
A  miner  can  work  witti  io\ew\>\e  ^kiSidctL^i^  in  a  heading  of 
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the  size  repreBented  in  Fig.  279 ;  bat  it  innst  be  considered 
as  the  minimam  in  all  cases,  becanae  the  constrained  pOBitioD 
of  the  vorkmen  prevents  their  employing  the  -whole  of  their 
naefol  power,  and  below  this  size  they  could  hardly  advance 
themselves,  wilhoot  at  all  being  able  to  work.  It  ia  also 
important  that  the  workmen  shonld  be  able  at  any  time  to 
visit  and  repair  every  portion  of  the  tunnel.  For  these 
reasons  the  conduit  from  which  all  the  mains  for  the  snpply 
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of  Paris  draw  the  water  is  made  of  the  dimenaioUs  indicated 
in  Fig.  280  above.  Bat  it  is  also  to  be  observed  that  this 
condnit,  called  the  "  Aqaednc  de  Ceintare,"  is  about  1^  mile 
in  length,  and  has  only  a  fall  of  4  iachea  thronghont,  so  that 
the  flow  of  the  water  only  takes  place  in  oonseqnence  of  the 
difference  of  level  caused  by  the  withdrawal  of  the  water 
through  the  various  pipes  branching  from  it.  The  section  is 
therefore  mnch  larger  than  it  would  be  otherwise ;  and  per- 
haps the  desire  to  make  it  sufficient  for  the  passage  of  a  boat, 
haoled  by  a  man  upon  the  species  of  towing  path,  may  have 
led  to  some  exaggeration  of  its  dimensions.  Fig.  281,  re- 
presents the  section  of  the  branch  "  Aqnednc  St.  Lanrent," 
joining  the  "  Aqnednc  de  Ceintnre,"  and  supplying  one  of 
th«  quarters  of  Paris. 


CHAPTER  Vm. 

OLASQOW  CORPORATION  WATERWORKS. 

[A  TYPICAL  example  of  waterworks  in  which  tfae  water  is  sup- 
plied by  gravitatioD,  is  Bupptied  in  the  case  of  the  water  supply 
of  Glasgow.  Here,  excellent  eiamples  of  aqaedncts,  bri^ 
aquedacta,  and  syphon-pipes  for  crossing  valleys,  are  SDf^lied. 
The  following  is  a  geoeral  account  of  these  works.* 

The  Glasgow  Corporation  Waterworks — Loch  Katrine 
Waterworks — were  deiiigced  to  supply  pnre  water  to  the 
city  of  Glasgow  from  the  system  of  lochs  comprising 
Loch  Katrine.  Loch  Acbray,  Loch  Bnuilde,  and  Loch 
Veunachar.  Of  these.  Loch  Achray  has  not  been  inter- 
fered with.  The  works  were  designed  by  and  carried  out 
under  Mr.  J.  F.  Bateman,  as  engineer.  They  were  com- 
menced in  165G,  and  completed  in  1859.  The  works  at  the 
outlet  of  Loch  Vennachar  consist  of  a  dam  of  masonry  acrosB 
the  month  of  the  loch,  and  a  new  channel  for  the  river,  to 
enable  the  water  to  be  drawn  down  helow  the  old  summer 
level.  The  new  channel  is  700  yards  long  and  60  feet  wide. 
At  the  lower  end,  the  compensation  gauge- weir,  100  feet  wide, 
is  placed.  It  is  formed  by  a  continuous  cast-iron  plate  brongfat 
to  a  thin  edge  at  the  top.  At  the  upper  end  of  the  channel, 
next  to  the  loch,  a  range  of  cast-iron  sluices  is  hnilt  into  a 
block  of  masonry  110  feet  long  and  16  feet  thick,  with  eleven 

■  DeriTed  from  Ur.  J.  M.  Gala's  p&per  on  the  "  QIaagow  Wkter- 
works,"  in  the  Trantactiotit  of  tie  Lulitution  of  EitfHUtn  n  Stttlmtid, 
186i,  Tol.  Til.  p.  SI  1  and  front  Bimma's  "  Practical  TniuieUing,"  thiid 
adition,  by  D.  E.  Clark,  1877,  p-  S32. 
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arched  openings  for  discharging  the  water.  Three  of  the 
sluices  have  a  clear  width  of  4  feet,  and  a  height  of  4  feet. 
Four  of  them  are  6  feet  wide  and  2  feet  high;  and  the 
remaining  four  are  at  the  upper  end  of  salmon  stairs,  formed 
to  allow  the  fish  to  get  into  the  loch  at  its  different  levels. 
The  salmon  stairs  are  each  6  feet  wide  helow  the  walls,  and 
have  a  general  inclination  of  1  in  12.  These  sloping  channels 
are  formed  into  a  succession  of  deep  pools  hy  means  of  planks 
on  edge  placed  across  the  channel,  over  which  the  water 
fieills.  The  height  of  the  plank  is  varied  as  the  level  of  the 
water  in  the  loch  changes,  so  as  to  keep  a  constant  overflow 
of  a  depth  of  from  15  to  20  inches.  The  top  of  the  dam  is 
roofed  over,  forming  a  sluice-house  for  protecting  the  working 
gear.  The  waste-weir  of  the  ioch  is  150  feet  wide,  and  is  a 
continuation  of  the  masonry  of  the  dam  across  the  top  of  the 
new  river  channel.  The  raising  of  the  level  of  the  loch 
involved  the  diversion  of  several  roads.  At  the  upper  end, 
where  the  ground  is  level,  ahout  150  acres  of  meadow  land, 
known  as  Lanrick  Mead,  are  under  water  when  the  loch  is 
full.     The  cost  of  these  works  amounted  to  ahout  £26,000. 

Loch  Drunkie  has  heen  raised  25  feet  in  level  hy  means  of 
two  earthen  embankments,  puddled  in  the  usual  manner, 
whilst  the  area  of  the  loch  has  been  increased  by  about 
60  acres.  The  northerly  embankment  is  150  yards  long  and 
21  feet  high.  The  other  embankment,  which  was  constructed 
at  the  original  outlet  of  the  loch,  is  40  yards  long  and  82  feet 
in  height.  A  cast-iron  pipe,  24  inches  in  diameter,  is  laid 
through  this  embankment,  fitted  with  a  valve  at  the  outer  end, 
to  regulate  the  rate  of  discharge. 

The  works  at  the  outlet  of  Loch  Katrine  are  similar  to 
those  at  Loch  Yennachar,  but  they  are  on  a  much  smaller 
scale,  as  the  quantity  of  water  to  be  discharged  from  that  loch 
is  less  than  from  the  other.  There  are  two  sluices  4  feet 
wide  and  4  feet  high,  and  two  salmon  stairs  6  feet  wide  in 
the  masonry  dam,  and  a  waste-weir  100  feet  in  length. 
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The  point  at  which  the  aqnedact  leaves  the  locli  is  abont 
five  miles  from  the  outlet.  The  basin  at  the  inlet  to  the 
aqaedact  is  65  feet  long  by  40  feet  wide  Inside ;  it  is  con- 
structed with  three  iron  slnices,  each  4  feet  sqaare,  for 
regnlating  the  flow  in  the  aqaedact,  and  a  line  of  etramers 
across  the  middle  to  prevent  fish  and  other  objects  from 
passing  into  the  aqaedact. 

The  aqnednct  ie  25}  miles  in  length — that  is  to  say, 
from  Loch  Katrine  to  Uagdock  reservoir.  Of  this  length, 
18  miles  consist  of  tannellbg,  8}  miles  are  iron  piping  acrosa 
valleys,  and  the  remaining  9  miles  are  of  open  catting  and 
bridges.  The  tunnelling  comprises  eighty  separate  tunnels, 
for  the  constraction  of  which  44  shafts  were  sunk.  For  the 
first  ten  miles,  the  rock  consists  of  mica-schist  and  clay-slate 
— close  retentive  material,  into  which  no  water  percolates, 
and  in  which,  consequently,  few  springs  were  to  be  found. 
"This  rock,"  aays  Mr.  Bateman,  "when  quarried,  was  unfit 
for  building  parposes  ;  there  was  no  stone  of  a  snitable  de- 
scription to  be  had  at  any  reasonable  cost  or  distance,  no  lime 
for  mortar,  no  clay  forpaddle,  and  no  roads  to  convey  material 
Ordinary  sarface  construction  was,  therefore,  oat  of  the  ques- 
tion. .  .  .  The  aqueduct  may  be  considered  as  one  continii- 
ouB  tunnel.  As  long  as  the  work  continued  in  the  primary 
geological  measures,  we  had  no  water ;  and  even  after  it 
entered  the  Old  Bed  Sandstone,  and  when  it  subsequently 
passed  through  trap-rock,  there  was  much  less  than  I  ex- 
pected." 

The  tunnels  were  conslracted  with  a  flat  floor,  vertical 
sides,  and  a  semicircular  arch.  They  ore  8  feet  wide,  and 
6  feet  high  at  the  centre,  except  in  loose  rock,  which  was  not 
water-tight,  when  the  arch  and  the  sides  were  formed  alightty 
elliptical,  to  a  width  of  &i  feet,  with  an  invert.  The  three  types 
of  section,  according  to  which  the  tunnel  was  oonsiracted, 
are  shown  in  Figs.  282,  28S,  and  284,  of  which  the  first, 
giaply  excavation,  is  formed  in  solid  water-tight  rook ;  the 
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secoDd,  through  water-tight  shale  and  soft  rock,  with  15-ineh 
-walls  in  rubble  and  mortar,  and  9-inch  arch  parpoints  set  in 
mortar,  packed  behind  with  dry  rubble ;  the  third,  througfa 
soil  rock  or  shale,  not  water-tight,  with  9-inch  brickwork  in 
mortar  throughout,  an  extra  half-brick  thickness  at  the  sides, 
and  dry  rubble  packing  above  the  arch. 

The  aqueduct  begins  with  the  first  tunnel,  which  abuts  on 
Loch  Katrine,  and  is  cut  through  the  ridge  which  separates 
Loch  Katrine  from  Loch  Ghon  Valley,  consisting  of  clay-slate 
and  mica-schist,  with  beds  of  gneiss,  mixed  with  quartz. 
The  tunnel  is  2,825  yards  long,  and  is  500  feet  below  the 
level  of  the  summit  of  the  ridge.  Twelve  shafts  were  sunk 
from  the  surface,  varying  in  depth  from  14  yards  to  168} 
yards,  making  an  aggregate  length  of  1,178  yards,  or  half 
the  length  of  the  tunnel.  Their  average  distance  apart  was 
about  200  yards.  The  entrance  is  shown  in  elevation  and 
longitudinal  section  in  Figs.  285. 

The  next  important  tunnel  is  the  Clashmore  tunnel,  through 
a  ridge  of  Old  Red  Sandstone  conglomerate,  1,175  yards  in 
length  ;  for  the  construction  of  which  three  shafts  were  sunk, 
respectively  58,  22}^,  and  29  yards  deep. 

The  aqueduct  terminated  in  the  Mugdock  tunnel,  2,640 
yards  long,  through  a  ridge  of  amygdaloidal  trap,  in  which 
seven  shafts  were  sunk,  averaging  about  180  yards  apart. 

Several  portions  of  the  tunnels  were  lined  with  brick.  In 
some  places,  the  rock,  which  was  at  first  considered  durable, 
was  found  to  perish  after  exposure  to  the  atmosphere :  the 
Old  Bed  Sandstone  was,  for  this  reason,  lined  for  a  con- 
siderable extent. 

The  rock  was  drilled  for  blasting  by  hand  labour.  It 
proved  to  be  extremely  hard  and  difficult  to  work,  especially 
the  mica-slate.  In  many  cases,  in  cutting  the  tunnel  through 
the  rock,  the  progress  did  not  exceed  8  linear  yards  per 
month  at  each  face,  though  the  work  was  carried  on  day  and 
ni^ht.     The  average  advance  in  the  mica-slate  was  about 
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6  yards  per  month,  or  7  inches  per  day.     The  boreholes 
were  1^  inch  in  diameter,  and  their  ordin&ry  depth  wu 


20  inches      The  drills  required  to  be  removed  At  every 
ineh  of  depth  and  the  tune  occupied  in  dnlling  a  hole  was 
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about  an  hour  and  three-quarters,  equivalent  io  i  inch  per 
minate.  A  gang  of  men,  working  at  an  8-feet  face,  started  at 
night,  with  a  snpply  of  60  drills  or  jumpers,  and  bronght  out 
60  dnlled  drills  in  the  morning.  As  there  were  often  100 
faces  wrought  at  once,  hand  labour  vras  considered  preferable 
to  perforating  machines  for  the  work.  The  junctions,  up- 
wards of  200  in  number,  were  exact,  and  could  only  be 
traced  afterwards  by  the  crossing  of  the  drill-holes  blown 
out. 

The  ruling  gradient,  or  fall,  of  the  aqueduct  is  10  inches 
per  mile,  equivalent  to  1  in  6,886;  and  the  aqueduct  is 
capable  of  passing  50,000,000  gallons  per  day. 

The  actual  cost  of  removing  the  rock  by  blasting  varied 
from  £1  to  £2  per  cubic  yard.  The  cost  pf  tunnelling 
through  the  mica-slate  was  about  J913  per  lineal  yard,  aod 
through  the  clay-slate  from  £9  to  J910  per  lineal  yard.  In 
the  Old  Red  Sandstone,  when  the  discharged  water  was  so 
considerable  as  to  retard  the  progress,  the  cost  in  the  lower 
beds  of  the  stratum  was  about  J910  per  lineal  yard.  Through 
the  softer  strata,  the  cost  of  excavation  was  £S  per  lineal 
yard,  and  in  some  eases  even  less  than  that.  These  costs 
include  the  cost  of  the  shafts,  except  where  they  were  of 
considerable  depth,  as  in  the  Loch  Katrine  tunnel,  for  which 
the  cost  of  the  shafts  is  not  included.  The  cost  of  driving 
through  soft  material,  and  of  lining,  taken  together,  was 
about  equal  to  the  cost  of  excavation  through  hard  and 
compact  rock,  when  no  lining  was  required. 

The  aqueduct  bridges  over  the  ravines  are  somewhat  pe- 
culiar. There  are  five  of  considerable  length,  respectively  124, 
154, 212, 147,  and  882  yards  in  length,  similarly  constructed, 
as  in  Fig.  286,  At  the  ends  of  the  bridges,  or  the  shallowest 
parts  of  the  ravines,  the  aqueduct  is  a  cast-iron  trough. 
Fig.  287,  8  feet  wide  and  4  feet  deep,  of  |-inch  plates,  sup- 
ported on  a  solid  dry-stone  embankment,  constructed  of  the 
stone  of  the  district  carefully  set  by  hand,  9  feet  wide  at  the 
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top,  with  a  batter  of  8  inches  to  a  foot  at  each  side.  The  deeper 
parts  of  the  valleys  are  crossed  by  cast-iron  tabes,  Fij;.  288, 
8  feet  wide  by  6}  feet  high  inside,  supported 
on  piera  at  intervals  of  60  feet.  The  bottoms 
and  sides  are  of  |-inch  plates,  and  the  tops 
are  7-16  inch  plate  stiffened  by  angle  irons. 
The  level  of  the  bottom  of  the  tabes  is  8  feet 
below  that  of  the  tronghe.  The  tabes  can  pass 
50,000,000  gallons  per  day.    At  the  crossbg 


Ftg.iSS. 

of  small   monntain    streams,  the   aqaedact   i 


J  carried 

S 


oast-iron  tronghs  like  those  already 
r  described,  supported  on  cast-iron  beams  over 
a  the  stream. 

^      Siphon  pipes    are  laid  to  cross  the  valley 
|g  of  the  Dnchray  Water,  abont  1,210  yards  wide. 
to  Small  basins  are  fonned  at  each  end,  from  which 
the  pipes  proceed.    These  are  4  feet  in  dia- 
meter, in  9-feet  lengths,  with  spigot  and  faacet 
Joints,  ran  in  with  lead  in  the  aeaal  way.    At 
the  lowest  point,  the  pipes  are  under  a  pressure 
of  165  feet.     The  river  is  erossed  by  cast-iron 
girders  of  60  feet  span.     Provision  was  made 
for  laying  two  additional  lines  of  pipes,  one 
of  i  feet  and  the  other  of  8  feet  in  diameter. 
AAerpassingthroagh  the  ridge  of  Old  Bed  Sandstone  con- 
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glomerate  by  the  Clashmore  tuimel,  the  aqaedact  is,  for  > 
length  of  five  mileR,  Id  open  cutting  for  the  greater  part,  vith 
masonry  aides  and  a  dry-mbble  arch,  covered  vrith  pnddla 
2  feet  in  depth. 

The  Endrick  Valley,  like  that  of  the  Dnchray,  is  crossed 
by  a  4-feet  eiphon  pipe,  2^  miles  in  lei^th, 
and  is  subject  to  a  presanre  of  23S  feet  of 
water  at  the  bottom  of  the  river,  where  the 
pipes  are    1|   inches   in  thickness.     The 
J  pipes  are  carried  across  small  depreenou 
S  in  the  valley  on  stone  piers,  and  at  the 
'  J  crossing  of  two  roads,  and  of  the  Fmlh 
£  £  and  Clyde  Bailway,  they  are  furtlier  sup- 
f  J  ported  by  cast-iron  brackets.    At  such  ex- 
I  posed  places  the  joints  of  the  pipes  ars 
§  flanged.     There  is  a  short  tnnnel  on  this 
I  length  of  pipe  sufficiently  wide  to  carry    I 
S  the  three  lines  of  pipes. 
g      The  construction  of  the  aqnednet  for  the 
^  five  miles  extending  from  the  valley  of  the 
t  Endrick  to  the  valley  of  the  Blane  presents 
'S  the  same  general  features  as  those  already 
S  described.    Good  building  stone  was  abnn- 
J  dant  in  this  district,  and  the  bridgea  are 
7  all    of   masonry.      One  of   the   aqnednet 
S  bridges  near  Killeam,  nineteen  miles  from 
^  Loch  Katrine,  is  represented  in  Fig.  289. 
The   total   cost  of   the   aquednot    was 
£468,000,  averaging  £18,000  per  mile. 

The  4- feet  pipes  were  intended  to  deliver 

20,000,000  gallons  per  day.     They  have, 

in  fact,  delivered  24,000,000  gallons  per 

day,  and  even  then  they  were  not  completely  charged.    All 

the  pipes  were  coatei  wittv  coEi-\|\tc\i  wii  oil,  according  to  the 

process  of  Dr.  Angaa  anuax,  6m\.  »Wie&^*1  Ui,^,»iMwm,fat 
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tbe  Manchester  Waterworks.  This  ooating,  when  properly 
done,  imparts  a  smooth  glassy  snrfoce  to  the  pipes,  and  pre- 
vents, at  least  for  a  number  of  years,  oxidation  of  tbe  metal. 

At  tbe  Magdock  reservoir,  the  water  is  first  dischnrged 
into  a  basin,  from  which  it  passes  over  cast 
iron  gange-plates,  40  feet  wide,  brought  up 
to  a  thin  edge.  The  depth  of  water  pass 
ing  over  these  plates  is  regularly  recorded, 
and  tbe  discharge  computed.  From  the 
basin,  the  water  falls  into  an  upper  division 
of  the  main  reservoir,  abont  two  acres  in 
extent,  and  thence  it  is  discharged  into  the 
main  body  of  tbe  reservoir. 

The  reservoir  has  a  water  surfitce  of  60 
acres,  and  a  depth,  when  fnll,  of  60  feet 
It  contains  648,000,000  gallons,  and  la 
817  feet  above  ordnance  datum.  Tbe  re- 
servoir was  formed  by  means  of  two  earlben  ' 
embankments,  of  which  the  principal  em- 
bankment, shown  in  section.  Fig.  290, 
is  400  yards  long  and  68  feet  high ;  and 
the  other,  or  easterly,  embankment  is  240 
yards  long  and  60  feet  high.  Each  em- 
bankment is  made  with  a  central  pnddle 
wall,  and  is  pitched  on  the  front  slope. 

The  water  is  drawn  from  the  reservoir 
by  pipes  laid  in  a  tnnnel  through  tbe  bill 
between  the  two  embankments.  At  the 
inner  end  a  stand-pipe  is  arranged  so  that 
water  can  be  drawn  at  various  heights. 

About  50  yards  firom  the  reservoir,  the 
water  passes  into  a  circular  well  out  out  of  the  rock, 
40  feet  in  diameter  and  68  feet  deep,  where  it  is  strained 
throagb  copper-wire  oloth.  Tho  wire-oloth  contains  40  m.««.b.%'« 
to  the  inch,  ammged  in  oak  frameft,  toninn^  kd.  Sxoivi  -«^> 
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octagonal  in  shape,  25  feet  in  diameter,  from  which  the  sap- 
ply  is  delivered  into  the  lines  of  pipes  leading  to  the  city. 

The  two  pipes  are  each  42  inches  in  diameter,  until  they 
emerge  from  the  tunnel,  where  they  are  reduced  to  a  diameter 
of  86  inches.  They  are  continnons  at  this  diameter  to  the 
city.  They  are  laid  side  hy  side  for  a  length  of  three  miles, 
after  which  they  diverge,  one  line  heing  carried  hy  the  Great 
Western  Road  for  the  supply  of  the  low-lying  districts,  and 
the  other  hy  Maryhill  for  the  supply  of  the  high  districts. 
The  pipes  meet  again  at  St.  George*s  Road,  and  are  so 
arranged  as  to  he  put  in  connection  when  required.  To  this 
point,  the  distance  from  the  straining- well  is  7  miles  for  the 
low  pipe,  and  Gi  miles  for  the  high  pipe.  Each  line  of 
pipe  crosses  the  river  Kelvin  and  the  Forth  and  Clyde  Canal. 
The  Kelvin  Bridge,  on  the  Great  Western  Road,  was  widened 
to  carry,  on  cast-iron  girders,  the  low  district  main. 

At  Mugdock  reservoir,  self-acting  closing  valves,  intended 
to  shut  off  the  water  on  the  occasion  of  a  pipe  horsting,  are 
attached  to  each  line  of  pipes.  Stop-valves  are  fixed  at 
intervals  along  the  line  of  mains,  hoth  in  the  country 
and  in  the  city.  On  the  side  next  the  reservoir,  at  each 
stop-valve,  a  momentum- valve  is  applied,  designed  to  prevent 
concussion  in  the  pipes  hy  the  too  sudden  closing  of  the 
stop- valves.  At  the  summit  of  each  rising  ground,  on  pipes 
of  6  inches  in  diameter  and  upwards,  an  air- valve  is  fixed ; 
and  at  the  bottom  of  every  hollow  a  flushing-out  cock  is 
attached,  by  which  the  pipes  may  be  emptied  for  repair. 
Man-holes  are  placed  at  intervals  along  the  lines  of  the  large 
mains,  and  close  to  the  large  valves,  to  afford  admission  for 
inspection  or  for  making  repairs. 

The  arrangement  of  the  self-acting  closing-valve  is  of  the 
character  of  a  throttle- valve  fixed  across  the  pipe.  It  is  held 
open  when  the  water  passes  at  a  given  velocity,  by  means  of 
counterbalance  weights.  When  the  velocity  is  exceeded  from 
any  cause,  as  the  bursting  of  a  pipe,  the  valve  closes. 
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That  the  large  stop-valves  might  he  worked  easily  hy  one 
man,  they  were  divided  into  compartments,  on  a  principle 
proposed  hy  Sir  W.  G.  Armstrong,  so  suhdivided  that  one 
compartment- valve  could  he  easily  worked  at  a  time  hy  one 
man.  When  the  smaller  division  is  first  opened,  the  passage 
of  water  through  the  opening  so  much  relieves  the  pressure 
on  the  slide  of  the  larger  compartment,  that  it  also  can  he 
opened  with  ease.  The  total  area  of  opening  through  the 
valve  is  something  less  than  the  sectional  area  of  the  pipe  ; 
and  it  requires  1  foot  head  of  pressure  to  pass  the  quantity 
of  water  that  the  pipe  was  designed  to  deliver.  Valves  of  a 
diameter  greater  than  16  inches  are  of  this  construction. 
For  86 -inch  pipes,  of  which  the  sectional  area  is  7  square  feet, 
the  clear  water  way  is  4^  square  feet,  and  the  smaller  slide 
has  an  area  of  1  square  foot,  that  of  the  larger  slide  heing 
8^^  square  feet.  The  water  passes  through  the  contraction 
at  the  speed  of  6i  feet  per  second,  to  correspond  with  the 
normal  velocity  of  4*4  feet  per  second  in  the  hody  of  the  pipe. 

The  consumption  of  water  per  head  per  day  in  Glasgow, 
amounted,  in  1838,  to  26  gallons ;  in  1845,  to  80  gallons  ; 
in  1852,  to  85  gallons  on  the  north  side,  and  88  gallons  on 
the  south  side.  In  1868  the  consumption  reached  to  42^ 
gallons  per  head  per  day.  It  was  considered  that,  of  this 
amount,  15  gallons  was  run  to  waste. 

The  total  cost  of  the  works  was  as  follows  : — 

Works  at  the  Locha     ....  £36,000 

The  Aqueduct,  25}  miles  in  length       .  468,000 

Mugdock  Reservoir      ....  56,000 

Main  pipes,  36  inches  in  diameter         .  123,000 

Distribution  in  the  city       .        .  78,000 

Total  for  works      .  £761,000 

Land  and  compensation       .  .         70,000 

Parliamentary  expenses,  engineering, )         ^^  ^^^  * 

and  sundries /  '' 

157,000 


Total £918,000] 

A  a2 


CHAPTER  IX. 

DRAINAGE  OP  LAND. 

The  fnnotions  of  vegetable  life  cannot  be  carried  on  withont 
the  presence  of  a  certain  quantity  of  water,  inasmach  as  the 
fluids  which  circulate  in  their  tissues  are  almost  entirely 
composed  of  the  water  taken  up  by  the  roots  from  the  ground. 
With  the  exception,  however,  of  some  aquatic  plants,  the 
majority  suffer  from  an  excess  of  humidity  ;  and  when  water 
is  found  in  an  agricultural  district  in  large  quantities,  it  is  as 
injurious  as  its  absence  is  in  other  cases.  Thence  arises  the 
necessity  for  draining  lands  surcharged  with  water,  on  the  one 
hand,  and  for  irrigation  oq  the  other.  It  is  equally  important 
that  air  should  be  allowed  access  to  the  roots  of  plants ;  but 
the  operation  of  ploughing,  harrowing,  hoeing,  &c.,  by  which 
this  object  is  effected,  belong  to  the  science  of  agriculture 
rather  than  to  engineering. 

The  nature  of  the  surface  and  of  the  subsoils  produce 
effects  upon  the  humidity  of  a  district  which  are  more  readily 
under  control  than  the  causes  previously  alluded  to.  They 
act  either  by  retaining  the  surface  water,  or  by  giving  passage 
to  the  springs  fed  by  lands  at  a  greater  distance ;  and  it  is  of 
the  utmost  importance  to  be  able  to  distinguish  between  these 
two  sources  of  humidity,  as  the  surface  drainage  adapted  to 
the  first,  under  some  circumstances,  is  utterly  ineffectnal  to 
remedy  the  second. 

For  drainage  operations,  the  strictly  correct  geological 
descriptions  of  the  various  strata  may  be  neglected,  and  they 
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may  be  divided  simply  into  two  classes,  the  porous  and  the 
impervious.  The  former  comprises  all  those  consisting  of 
loose  materials  which  absorb  water  easily  and  allow  of  its 
passing  freely,  such  as  gravel,  sand,  loamy  clays,  and  the 
comminuted  upper  strata  of  most  of  the  limestone  formations. 
The  latter  consists  of  stiff  blue  clays  or  of  the  plastic  clays 
found  in  such  abundance  ;  of  some  kinds  of  gravel  cemented 
by  argillaceous,  calcareous,  or  ferruginous  materials ;  and  of 
such  limestone,  sandstone,  or  granitic  rocks  as  present  a 
close  grain  without  any  fissures.  No  regular  order  of  super- 
position of  these  classes  of  strata  exists  in  nature,  and  from 
their  complication  arise  the  greatest  difficulties  in  drainage. 

In  such  cases  as  those  in  which  a  pervious  stratum  lies 
upon  an  impervious  one,  the  water  falling  from  the  clouds 
permeates  the  former  until  it  meets  the  latter.  If,  then,  no 
escape  be  furnished  by  some  natural  overllow,  the  water  must 
accumulate  in  the  lowest  depressions,  until  the  hydrostatic 
pressure  of  that  in  the  higher  portions  forces  it  to  the  surface 
in  any  lower  ones  whose  conditions  of  level  may  be  such  as 
to  allow  of  its  rising.  It  may  frequently  happen  that  a 
natural  overflow  exists  at  a  small  distance  from  the  surface, 
but  not  at  such  a  depth  as  to  prevent  the  existence  of  great 
moisture  in  the  main  body  of  the  stratum,  although  no 
external  indication  beyond  the  character  of  the  herbage  may 
indicate  the  moisture.  The  great  objects,  therefore,  in  all 
drainage  are,  not  only  to  remove  the  surface  waters,  but 
more  particularly  to  cut  ofi*  the  subterraneous  waters,  which 
either  rise  to  the  surface  or  are  confined  beneath  it. 

The  removal  of  surface  waters  is  a  comparatively  simple 
operation,  for  it  may  be  effected  by  dressing  the  land  into 
ridges,  and  giving  these  an  outfall  into  a  drain  or  ditch  all 
round  the  field.  The  ditch  itself  would  pour  its  waters 
into  any  natural  course,  and  the  latter  may  at  any  time 
be  enlarged  or  improved  by  observing  the  principles 
regulating    the   flow   of  water  in   open    channels    already 
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laid  down.  The  conditions  to  be  observed  being,  that  the 
channel  should  be  able  to  cany  off,  at  a  suitable  velocity, 
the  maximum  quantity  of  water  likely  to  be  thrown  into  it 
within  a  definite  period ;  and  that  the  velocity  should  not 
be  such  as  to  endanger  the  bottom  or  the  sides.  If  the 
outfall  drain  be  artificially  made,  it  is,  generally  speaking, 
desirable  that  it  should  be  impermeable. 

Operations  connected  with  the  improvement  of  an  ontfall 
affect  very  large  areas,  and  would  seem  almost  to  call  for 
some  action  of  the  Legislature.  In  many  individual  cases, 
so  to  speak,  it  is  beyond  the  power  of  one  proprietor  to  under- 
take them  ;  and  the  only  course  left  open  to  him  is,  to  isolate 
his  own  land  by  diverting  any  water  flowing  from  other 
districts,  and  to  remove  that  which  falls  upon  his  own,  by 
means  the  most  adapted  to  effect  that  object  economically. 
The  execution  of  an  intercepting  drain  will  very  frequently 
suffice  to  remove  all  the  subterranean  waters,  should  such  be 
found,  by  stopping  the  flow  of  the  latter  in  what  would  other- 
wise be  their  natural  direction,  and  thus  leave  merely  the 
rain-water  falling  over  the  particular  district  to  be  dealt  with. 
In  such  countries  as  Holland,  and  the  fens  of  Lincolnshire, 
Bedfordshire,  &c.,  the  intercepting  drain  itself  becomes  the 
outfall  and  a  means  of  communication ;  for  the  main  drains 
are  used  as  canals,  and  the  waters  from  the  low  lands  are 
pumped  into  them  either  by  windmills  or  by  steam  power,  as 
may  be  most  expedient. 

In  hilly  countries  it  rarely  happens  that  any  difficulty 
occurs  from  the  direction  or  inclination  of  the  watercourses, 
and  in  them  the  question  of  outfall  is  not  so  complicated  as 
in  the  lower  and  more  level  districts  near  the  embouchures 
of  rivers.  The  longitudinal  section  of  the  centre  line  of 
nearly  all  rivers  is,  in  fact,  a  concave  parabolic  curve,  the 
apex  of  which  is  in  the  elevated  grounds  near  its  source. 
The  velocity,  under  such  circumstances,  is  very  great  in 
billy  countries,  and  the  streams  are  able  to  keep  their  course 
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in  a  tolerably  straight  line,  if  even  they  do  not  continually 
tend  to  rectify  any  bends  which  may  naturally  exist.  But  in 
proportion  as  the  rivers  approach  the  sea,  or  other  large 
rivers,  they  usually  flow  through  flat  alluvial  deposits,  or 
through  level  plains  of  earlier  formations.  The  velocity  of 
the  water  diminishes,  and  the  gradual  deposition  of  matters 
brought  down  from  the  hills  raises  the  bed  of  the  river, 
whilst  the  direction  becomes  tortuous  from  the  incapacity  of 
the  stream  to  overcome  the  obstacles  to  its  progress.  In  no 
country  in  the  world  can  more  striking  illustrations  of  these 
laws  be  found  than  in  England ;  nor,  perhaps,  is  there  any 
country  where  well-directed  works  for  the  purpose  of  obviating 
their  inconveniences  would  be  attended  with  more  brilliant 
results. 

Before  commencing  any  rectification  of  the  bed  of  a  river 
or  stream,  it  is  necessary  to  inquire  carefuUy  into  all  the 
numerous  conmiercial  interests  which  are  likely  to  be  affected 
by  the  alteration.  A  plan  of  the  existing  watercourse  and 
its  various  affluents,  with  longitudinal  and  transverse  sections 
of  the  beds  and  banks  to  a  considerable  distance  on  either 
side,  is  required ;  observations  upon  the  flood  and  summer 
levels,  and  upon  the  seasons  and  durations  of  the  changes 
in  the  volume  of  the  stream,  must  be  made ;  and,  lastly,  a 
careful  notice  must  be  taken  of  the  nature  of  the  materials 
carried  down,  the  mode  in  which  shoals  are  formed  or  the 
banks  destroyed,  and  the  nature  of  the  river-bed  in  its  normal 
state. 

If  the  stream  follow  a  very  tortuous  course,  a  new  channel 
in  a  direct  line  evidently  will  shorten  the  distance  between 
its  extreme  points,  and  increase  the  inclination  of  the  water 
line.  The  velocity  of  the  stream  will  be  proportionally 
augmented,  and  if  the  same  quantity  to  be  discharged  flow 
before  and  after  the  execution  of  the  new  channel,  its  sec- 
tional area  may  be  made  smaller ;  or  if,  on  the  contrary,  it  be 
made  of  the  same  area  as  the  original  channel,  it  will  be 
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able  to  discharge  a  greater  volnme.  Any  sudden  bends  may 
thus  be  avoided ;  but  it  is  to  be  observed,  that  there  seems 
to  exist  some  law,  the  cause  of  which  has  hitherto  escaped 
our  analysis,  owing  to  which  rivers  are  not  able  to  flow  in 
straight  lines  for  any  great  distance,  in  other  than  beds  of 
masonry,  without  requiring  great  and  frequent  repairs.  At 
any  rate,  every  stream  when  left  to  itself,  so  to  speak, 
assumes  a  tortuous  outline;  and,  from  the  experience  ob- 
tained in  France  and  Italy,  it  appears  that  after  a  deviation 
there  is  always  a  tendency  to  resume  the  original  directions, 
especially  during  the  seasons  of  floods.  It  is,  therefore, 
preferable  that  the  centre  line  of  a  new  channel  be  formed 
with  a  series  of  curvatures  of  very  large  radius  rather  than 
in  a  perfectly  straight  line.  Upon  the  Rhine  it  was  found 
that  the  river  exercised  no  corrosive  action  upon  its  banks 
when  the  radius  of  curvature  was  about  2,750  yards  long, 
the  bed  of  the  river  consisting  of  sand  and  gravel,  and  being 
frequently  exposed  to  sudden  and  violent  floods. 

The  efficient  action  of  new  channels  can  only  be  attained 
by  observing  these  conditions  : — Firstly. — They  must  be 
deepened  as  much  as  possible ;  the  sectional  area  to  be  given 
will  of  course  be  regulated  by  the  volume  to  be  discharged 
under  all  the  varying  conditions  of  the  rain-fall.  Secondly. — 
They  must  not  present  any  sudden  projections,  or  form  any 
sharp  curves  with  the  main  stream.  Thirdly. — If  the  new 
channel  cannot  be  dug  out  at  once  to  the  required  depth,  it 
must  not  be  opened  to  receive  the  waters  until  the  dotcn 
stream  end  of  the  old  channel  be  closed,  so  as  eflectually  to 
force  all  the  running  water  into  the  new  channel.  Fourthly. 
—All  obstacles,  such  as  trunks  of  trees,  large  blocks  of 
stone,  &c.,  must  be  removed,  so  as  to  leave  the  watercourse 
perfectly  clear. 

When  an  entirely  new  outfall  is  to  be  formed,  the  dimen- 
sions to  be  given  to  it  must  depend  upon  the  proportion  of 
the  rain-fall  it  may  be  required  to  carry  ofl*.    This  will  vary, 
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not  only  according  to  the  configuration  of  the  country,  but 
also  according  to  the  greater  or  less  degree  of  permeability 
of  the  materials.     In  precipitous  mountain  districts  the  rain 
flows  off  with  comparative  rapidity,  merely  from  the  inclina- 
tion of  the  ground.     Should,  however,  our  observations  be 
directed  to  particular  mountain  districts,  it  will  be  found  that 
the  discharge  from  granitic  rocks  differs  very  materially  from 
that  from  the  lias,  the  oolites,  or  the  clay  formations.    From 
the  gi*anites,  the  rain  runs  off  nearly  as  fast  as  it  falls,  for 
the  materials  are  non-absorbent,  and  the  subordinate  outlines 
do  not  present  any  depressions  likely  to  retain  the  water. 
The  lias  is  also,  comparatively  speaking,  impermeable,  as  are 
also  the  clays ;  whilst  the  oolites  and  the  gravels  absorb  the 
water  during  the  period  of  its  falling,  to  give  it  out  again 
when  perhaps  the   supply  may  have  ceased.     In  fact,  the 
character  of  the  discharge  from  the  granites,  the  lias,  and 
the  clays  may  be  regarded  as  being  of  a  torrential  descrip- 
tion, whilst  that  from  the  limestones  is  far  more  equable. 
In  the  former  districts,  it  appears  that  about  i  of  the  rain 
flows  off  in  the  natural  watercourses,  whilst  in  the  latter 
and  in  the  gravel  the  maximum  quantity  so  flowing  would 
only  be  i.     Again,  the  proportion  of  the  rain-fall  which  may 
require  to  be  carried  off  will  differ,  according  to  the  greater 
or  less  continuance  of  the  rainy  season.     Thus  in  winter  it 
happens  that  the  ground  frequently  becomes  saturated  with 
water  at  an  early  period,  and  it  is  advisable  in  such  a  case 
that  any  flood  should  be  carried  off  as  rapidly  as  it  rises. 
The  maximum  quantity  of  rain  which  may  fall  within  a  given 
time  becomes  then  a  condition  regulating  the  dimension  of 
the  outfall,  of  nearly  as  much  importance  as  the  average  fjEtll 
of  the  whole  year. 

An  outfall  having  been  secured,  either  by  adopting  or 
improving  the  natural  facilities  of  the  country,  or  by  forming 
a  new  watercourse,  if  the  source  of  the  water  deteriorating 
the  quality  of  any  land  be  not  such  as  to  be  removed  by 
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surface  drainage,  an  investigation  of  the  surroanding  district 
must  be  made,  to  ascertain  the  superposition  of  the  strata, 
their  nature,  thickness,  and  respective  inclinations ;  or,  should 
any  local  circumstances  prevent  this  examination  from  heing 
carried  out  on  a  sufficiently  extended  scale,  small  ditches  or 
trial  shafts  should  be  sunk  at  the  upper  and  lower  sides  of 
the  district  to  be  drained.     The  points  of  outburst  of  any 
springs  must  be  noticed,  and,  if  possible,  their  sources  of 
supply  be  discovered.     When  these  points  are  settled,  the 
direction  to  be  given  to  the  drains  must  be  considered ;  and, 
if  possible,  it  would  be  advisable  to  make  them  follow  the 
line  of  the  longest  fall  of  the  ground.     The  depth,  and  the 
distance  apart  of  the  drains,  must  depend  to  a  certain  extent 
upon  the  description  of  crops  to  be  raised,  but  more  par- 
ticularly upon  the  nature  of  the  subsoil.     For,  in  the  first 
place,  it  is  necessary  to  place  the  drains  at  such  a  depth  as 
to  obviate  any  danger  of  their  materials  being  deranged  by 
agricultural  operations.     In  ordinary  modes  of  cultivation, 
the  minimum  depth  to  which  the  ground  is  worked  may  be 
taken  at  8  inches ;  in  many  others,  the  ground  is  moved  to  a 
depth  of  18  inches ;  and  for  these  reasons  it  is  usual  to  place 
the  drains  at  such  a  depth  that  there  shall  be  a  distance  of 
about  20  inches  between  their  highest  points  and  the  surface 
of  the  ground.     In  the  second  place,  if  an  impermeable  sub- 
soil be  met  with  within  a  distance  of  5  or  6  feet  from  the 
surface,  such  as  to  intercept  the  passage  of  the  water  in 
either  direction,  the  drains  must  be  carried  down  to  it ;  or 
otherwise  the  portions  between  each  of  them  would  only  be 
imperfectly  dried.      The  nature  of  the  materials  employed 
will  also  modify  the  depth  of  the  drains  ;   for  if  they  be 
bulky,  as  in  the  case  of  broken  stone,  they  must  require  a 
greater  width  than  when  tiles  or  tubes  are  used. 

The  width  of  the  trenches  will  be  regulated  by  the  depth 

o{  the  drains,  because  l\ie  ^oikmen  require  a  greater  space 

to  work  the  deep  thaix  \liieY  ^o  >i3b^ft  ^"aJ^syw  w^sj^'^.    %^  ^i^e 
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Borfaoe  the  width  is  required  to  be  greater  than  at  the  bottom ; 
and  in  practice  it  is  found  that,  foi  a  depth  of  aboat  8  feet,  it 
is  enfficient  to  give  a  width  of  aboat  1  foot  at  the  surface  and 
of  6  inches  at  the  bottom  ;  for  a  depth  of  about  4  feet,  those 
dimeusions  become  respectively  1  foot  4  inches  and  8  inches  ; 
whilst,  for  a  depth  of  8  feet,  they  become  respectively  2  feet 
6  inches  and  1  foot  2  inches.  The  direction  of  the  drains 
should  be  made  as  straight  as  possible,  in  order  to  avoid 
any  interference  with  the  discharge  of  the  water ;  and  they 
mast  be  commenced  by  openiog  the  lower  portions  of  the 
district  first. 

It  is  indispensable  that  a  regular  inclination  be  given,  and 
that  it  shoTild  be  sufficient  to  insure  the  flow  of  the  water.  A 
foil  of  about  1  in  200  will  be  found  sufficient  for  ordinary 
oases,  especially  if  the  drain  tiles  be  well  laid. 

There  are  several  modes  of  filling  in  drains  employed  by 
agricultural  engineers,  the  principal  of  which  are  represented 
in  the  subjoined  sketches.     Fig.  291  represents  a  simple  and 


economical  system  followed  in  conntries  where  tabes  or 
stones  are  expensive.  It  consists  in  forming  shoulders  npon 
the  sides  of  the  trenches,  and  laying  upon  them  a  thick  sod 
with  the  grass  downwards,  the  remainder  of  the  trench  being 
filled  in  with  the  materials  thrown  out  from  it,  taking  care  to 
reject  the  denser  and  more  impermeable  earths.  This  de- 
Bcription  of  drain  is  economically  formed,  bat  it  does  not  last 
for  any  length  of  time,  at  least  with  sofficient  efficacy. 
Fig.  292  represents  an  econoQUcal  torai  ^  &iub.  Vn  vi^uv 
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tries  iu  which  large  quantitios  of  water  are  to  be  removed,  ui 
whiTc  stunc  is  cheap.  The  chanuel  is  formed  bvplMiDg^ 
Flubs  on  Olid,  leaning  against  one  another,  and  covering  tiicB 
uith  broken  stones  or  gravel;  tho  whole  is  then  covered  by 
pods  and  tho  lighter  earths  of  tho  excavations,  as  before.  H 
the  wiitors  draining  through  sach  chanuels  do  not  contiinuj 
notable  proportion  of  soluble  salts,  which  they  xnigbt  pr 
dually  deposit  around  tho  broken  stones,  they  will  continu 
to  flow  for  an  indefinite  period. 

Fig.  21)B  represents  the  tile  and  shoe  drains,  which  ven 
much  employed  in  England  formerly,  each  tile  being  ^^ 
11  inches  long,  by  8  or  4  inches  wide,  and  4  or  5  m^ 
hi^'b,  and  tho  shoes  boing  of  the  same  length,  but  a  liUJ 
wider  than  the  tiles.     Of  late  years,  however,  it  has  been  th* 
opinion  of  agriculturists,  that  perfectly  cylindrical  tubos  are 
tho  most  advantageous,  not  only  on  account  of  the  grwtcr 
facility  of  their  manufacture,  but  also  of  tho  greater  economy 
ill  tbcir  lixing.     These  cylindrical  tubes  arc  made  of  the  saQe 
li'iigth  as  the  earlier  description  of  tiles,  and  of  diameten 
vjirviii''  from  1  to  8  or  -1  inches. 

When  the  soil  is  peaty,  or  a  running  sand,  or  when  the 
naturo  of  the  materials  tlirougb  which  tho  excavatiou  ie 
carried  is  such  as  to  render  it  dilficult  to  form  and  maint.i!a 
the  bottom  of  the  trench  in  a  perfectly  straight  line,  the 
ImltiiiLj  joints  of  the  tubes  will  require  to  bo  protected  bv 
collars,  which  may  be  perforated  with  numerous  small  hole?. 
Under  ordinary  circumstances,  it  will  snftioe   either  to  use 


pil)t's  with  an  end  terminating  thus         ^*^         ,  or  merely 

with  a  stmigbt  end.  In  tho  last  two  cases,  the  trench 
should  only  be  thrown  out  to  the  precise  width  neccssarj*  to 
receive  the  pipes ;  and  in  both  it  is  absolutely  necessary  that 
the  straighiness  and  the  uniformity  of  inclination  of  the 
hottom  of  tho  trench  be  rigcu'ously  observed. 

Hrains  should  not  be  made  too  long,  because  if  the  ftUl  he 
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great  there  would  be  danger  from  the  bursting  of  the  pipes 
by  the  head  of  water ;  and  the  chances  of  choking  are  con- 
siderably increased,  as  well  as  the  difficulty  and  expense  of 
repairs.  It  is  advisable  to  make  the  subdraius  pour  their 
water  into  a  species  of  main  of  larger  diameter,  which  sub- 
sequently should  pour  the  collected  stream  into  the  general 
outfall.  Mr.  Parkes  recommends  that  the  submains  should 
never  much  exceed  800  yards  in  length,  and  he  usually  makes 
the  diameter  of  the  lower  half  about  i  greater  than  that  of 
the  upper,  in  order  to  insure  the  perfect  discharge  of  the 
water.  Under  ordinary  circumstances,  however,  it  is  pre- 
ferable that  the  smaller  drains  should  discharge  into  an  open 
ditch,  because  the  water  would  flow  away  more  easily,  and 
at  the  same  time  the  repairs  are  performed  with  greater 
facility. 

The  length  of  the  main  drains  may  be  greater,  on  account 
of  their  greater  dimensions,  but  the  condition  above  stated, 
of  giving  them  an  enlarged  diameter  at  their  lower  extremity, 
must  be  observed.  They  are  formed  in  the  same  manner  as 
the  subdruins,  but,  of  course,  in  the  lowest  parts  of  the  land ; 
and  it  is  advisable  to  place  them  at  a  slight  distance  below 
the  subdrains,  in  order  that  these  may  discharge  more  freely. 
Their  inclination  must  be  greater,  because  the  volume  of 
water  they  have  to  transmit  is  also  greater  than  that  of  the 
subdrains ;  and  it  is  important  to  carry  them  at  some  dis- 
tance from  the  hedges,  or  large  trees,  lest  the  roots  should 
force  their  way  into  the  pipes  and  choke  them,  because  these 
are  known  to  have  a  remarkable  avidity  for  water,  and  are 
likely  to  force  their  way  into  the  joints  of  the  pipes.  Lastly, 
it  is  important  that  the  junction  of  the  subdrains  with  the 
mains  should  not  take  place  at  right  angles,  but  in  an  oblique 
direction,  so  as  to  avoid  any  interference  with  the  velocities  of 
the  respective  currents  which  might  bo  likely  to  cause  the 
deposition  of  any  sand  or  mud  in  suspension  of  either  of  them. 
For  the  same  reason  it  is  advisable,  l\ia\.  \.^Ck  \\^\\^%.  ^q^s^2^'^ 


542  THE   RDDIMENTS    OF  aVIL   ENGIltEERIKG. 

from  different  parts  of  the  land  shoold  not  be  made  to  con- 
verge at  the  same  point. 

The  distance  apart  of  the  drains  will  depend,  in  fact,  upon 
their  depth,  and  the  degree  of  permeability  of  the  soil ;  and 
this  becomes  one  of  the  most  important  qnestions  to  be 
decided  before  commencing  such  works,  for  the  greater  the 
distance,  evidently  the  less  will  be  the  nnmber  and  the  cost 
of  the  operation.  Mr.  Smith,  of  Deanstone,  advocated  the 
system  of  numerous  drains,  at  comparatively  shallow  depths ; 
whilst  Mr.  Parkes  recommends  that  they  be  made  deeper 
and  at  greater  distances.  The  former  made  bis  drains  from 
6  to  8  yards  apart,  and  about  8  feet  deep ;  whilst  the  latter 
makes  the  distance  from  18  to  20  yards,  and  the  depth  from 
4  feet  6  inches  to  8  feet.  In  fact,  both  parties  may  be  in 
error  in  striving  to  enforce  their  respective  system  too  rigor- 
ously, and  a  course  of  proceeding  which  may  be  eminently 
successful  in  one  case  may  be  very  inadvisable  in  another. 
Thus,  if  a  stratum  of  permeable  materials  exist,  whose  depth 
may  be  6  feet,  it  is  possible  that  a  drain  placed  5  feet  below 
the  surface  may  withdraw  the  waters  from  a  distance  of  about 
10  or  15  yards  on  either  side.  In  such  a  case  there  would 
be  a  decided  advantage  in  placing  the  drains  at  the  greatest 
depths  and  distances,  according  to  Mr.  Parkes*s  plan.  Bnt  if 
the  soil  itself  be  light,  and  at  a  depth  of  from  2  to  8  feet  from 
the  surface  an  impervious  subsoil  be  found,  it  would  be  evi- 
dently absurd  to  carry  the  drains  below  the  subsoil,  because 
this  would  entirely  destroy  any  lateral  action  of  the  drains 
beyond  a  distance  of  about  6  or  8  yards.  In  such  cases,  the 
system  recommended  by  Mr.  Smith  is  the  more  advisable ; 
and,  indeed,  it  happens  in  this  particular  branch  of  engineer- 
ing, as  in  all  others,  that  every  individual  case  requires  to  be 
judged  of  and  decided  upon  its  own  merits. 

In  Ireland  the  usual  system  latterly  adopted  appears  to  be 
so  admirably  suited  to  the  class  of  materials  most  commonly 
met  with,  that  an  abstract  of  it  is  subjoined. 
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Minor  drains  are  formed  at  distances  apart  varying  from 
21  to  40  feet ;  the  depth  is  made  8  feet  from  the  lowest  point 
of  the  surface  ;  the  width  from  15  to  18  inches  at  the  top, 
and  4  inches  at  the  hottom.  These  minor  drains  are  parallel 
to  one  another,  and  only  run  from  150  to  200  yards  without 
falling  into  either  a  ditch  or  a  submain.  In  these  drains  a 
depth  of  12  inches  of  broken  stones,  2}  inches  in  diameter, 
is  placed,  care  being  taken  that  they  be  quite  clean  ;  a  sod  8 
inches  thick  is  placed  over  them,  and  the  earth  is  £dled  in. 
Sometimes  pipes  2}  inches  in  diameter  are  inserted. 

The  submains  are  cut  42  inches  deep,  by  20  inches  wide 
at  the  top  and  12  inches  wide  at  the  bottom  ;  they  are  carried 
along  the  low  side  of  the  field,  about  10  feet  from  the  fences, 
and  are  not  allowed  to  run  more  than  800  yards  without  dis- 
charging into  a  covered  or  main  drain.  An  open  channel, 
6  inches  square,  is  formed,  and  above  this  the  trench  is 
covered  and  filled  in  as  before  with  a  thickness  of  about  8 
inches  of  broken  stones,  carefully  cleaned. 

The  open  main  drains  are  sunk  to  a  depth  of  at  least 
5  feet ;  they  are  made  2  feet  wide  at  the  bottom,  and  the 
sides  are  thrown  out  to  an  inclination  of  1  to  1,  if  the  mate- 
rials be  such  as  to  stand  at  that  inclination,  excepting  in 
rocky  countries,  where  the  sides  may  be  left  at  about  ^  to  1. 
A  minimum  inclination  of  at  least  4  feet  per  mile  is  required 
for  these  main  drains.  The  dimensions  of  the  covered  main 
drains  must  necessarily  depend  upon  the  quantity  of  water 
they  are  intended  to  carry  ofif ;  but  generally  speaking  it  is 
found  to  be  sufficient  to  make  them  1  foot  square  in  the  clear, 
with  walls  6  inches  thick,  covered  by  flag-stones  8  inches 
thick,  and  filled  in  as  before. 

It  appears  that  there  is  an  advantage  in  executing  the 
drainage  of  an  agricultural  district  in  dry  weather,  and  in 
leaving  the  trenches  open  for  a  short  time,  in  order  that  the 
ground  may  become  warmer,  and  to  a  certain  extent  aerated, 
by  being  exposed  to  the  atmosphere. 
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The  measnreB  to  be  adopted  for  tbe  dnuoage  of  manh 
lands  mast  nccesanrily  depend  Dpon  the  caosea  which  faav« 
fiuporiuduccd  this  Btate.  These  canses  are  the  following,  at 
least  in  the  majority  of  casoe: — Istly,  the  Baperabondant 
humidity  of  the  land  may  be  owing  to  the  fact  that  the  snb- 
terranean  waters  arc  retained  by  beds  of  impermeable  mate- 
riala,  and  after  sataralitig  the  lower  strata,  they  are  forced  to 
make  to  themselves  a  vent  apon  the  Gorfaee  ;  2ndly,  it  may 
be  owing  to  the  fact  that  the  land  is  situated  below  the  level 
of  the  surronnding  country,  and  therefore  receives  the  drainage 
from  it ;  Srdly,  it  may  be  owing  to  the  esisteace  of  a  river 
occupying  a  higher  level  than  that  of  the  marsh  land  itself. 


Fig.  Wt.— Diainnge. 

The  operations  connected  with  the  drainage  of  large 
marshes,  feus,  or  bogs,  rcc[iiire  so  serious  an  outlay  that  they 
can  only  be  nndcrtaken  by  largo  companies  or  by  the  State  ; 
but  it  frequently  happens  that  small  districts'may  be  found 
in  wbicb  it  bod  of  clay  occupies  a  position  similar  to'that 
ropreaentod  in  the  accompanying  sketch,  filling  a  depression 
upon  tbo  top  of  some  permeable  material,  which  Mast,  in  its 
turn,  reposes  upon  a  lower  stratum  of  impermeable  materials. 
In  such  cases  the  clay  will  prevent  the  water  which  soaks 
through  the  upper  and  exposed  portions  of  the  permeable 
stratum  from  flowing  away  at  the  lower  point.V.The  water 
will  then  accumulate  until  it  rises  to  the  level  of_the  surface 
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of  the  clay,  represented  by  the  line  a  b,  where  it  ydll  overflow 
and  form  what  are  commonly  called  springs,  which,  unless 
provided  with  an  outfall,  will  maintain  the  surfiace  in  a  state 
of  excessive  humidity. 

If,  again,  in  the  above  sketch,  Fig.  294,  we  suppose  the 
basin-shaped  depression  shaded  with  interrupted  lines  to  re- 
present a  bed  of  clay  resting  upon  gravel,  and  to  be  filled  in 
with  ordinary  soil,  from  the  known  impermeability  of  the 
clay  it  will  retain  all  the  water  soaking  through  the  soil  to  it, 
and  in  fact  render  the  soil  a  complete  morass,  especially 
if  the  soil  in  question  be  surrounded  by  any  eminences 
shedding  their  waters  upon  it. 

In  the  illustration  first  supposed,  the  waters  may  be  re- 
moved, either  by  bringing  them  to  the  surface  at  a  point 
where  a  new  and  more  effective  outfall  can  be  found,  or  by 
letting  them  escape  to  a  lower  level.  In  the  first  case  sur- 
face drains  are  to  be  cut  of  a  sufficient  capacity  to  hold  the 
waters  likely  to  rise,  and  transverse  outfall  drains  made  to 
receive  them.  Borings  should  then  be  made  in  the  surface 
drains,  descending  to  the  top  of  the  upholding  stratum,  and 
the  hydrostatic  pressure  of  the  supply,  in  such  portions  as 
are  placed  at  a  higher  level,  will  cause  the  water  to  flow  into 
the  surface  drains,  until  its  level  throughout  the  whole  dis- 
trict will  be  found  to  be  that  of  the  drains.  The  outfall  must 
be  made  as  usual. 

In  the  second  illustration  a  boring,  or  borings,  as  may  be 
required,  are  to  be  made  through  the  impermeable  stratum  to 
the  previous  one  upon  which  it  reposes ;  or,  in  fiict,  a  series 
of  absorbing  wells  are  to  be  formed,  and  the  various  surface 
drains  made  to  converge  to  it.  In  the  Treatise  upon  Well- 
boring  and  Sinking  much  information  will  be  found  connected 
with  the  principles  of  the  action  of  such  wells  and  their  mode 
of  construction.  In  these  instances  they  will  serve  to  carry 
the  waters  from  the  various  surface  drains  into  the  lower 
strata,  which  almost  invariably  will  be  found  to  possess  some 
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natural  outlet,  at  a  greater  or  less  distance,  in  the  shape  of  a 
spring. 

Notwithstanding  the  progress  of  science  in  onr  times,  Mr. 
Elkington's  rules  may  still  be  quoted  as  being  the  simplest 
and  most  effective  for  the  execution  of  the  drainage  of  marsh 
lands  formed  by  the  outburst  of  land  springs.  They  are  as 
follows : — 

1st.  To  find  out  the  main  spring  or  cause  of  the  mischief. 

2nd.  To  take  the  level  of  the  spring,  and  ascertain  its  sub- 
terraneous bearings. 

drd.  To  use  the  augur  to  tap  the  spring,  when  the  depth 
of  the  drain  is  not  sufficient  for  that  purpose. 

It  must  be  evident  that  if  any  district  be  sitnated  so  as  to 
receive  the  waters  flowing  off  from  surrounding  eminences,  it 
will  eventually  be  converted  into  a  morass  unless  an  outlet  he 
provided.  Should  the  district  be  small,  this  object  may  be 
effected,  as  before,  by  the  formation  of  absorbing  wells  placed 
at  the  lowest  points ;  but  when  its  dimensions  are  consider- 
able, the  first  operation  to  be  performed  will  consist  in  forming 
a  ditch  all  round  tbe  marsh,  so  as  to  intercept  the  waters 
flowing  from  the  upper  lands,  and  at  such  an  elevation,  and 
with  such  a  fall,  as  to  insure  the  discharge  of  any  waters 
which  may  be  poured  into  it  either  from  above  or  from  helow. 
The  banks,  sides,  and  bottom  of  this  ditch  must  be  formed  of 
impermeable  materials.  The  ground  contained  within  these 
banks  must  then  be  drained  in  the  ordinary  manner,  and  the 
drains  made  to  converge  to  a  point  from  which  their  waters 
may  be  withdrawn,  either  by  means  of  an  absorbing  well,  or 
by  some  mechanical  contrivance,  such  as  water-wheels,  steam- 
engines,  or  windmills,  setting  in  motion  pumps,  norias,  or 
Archimedean  screws. 

If  the  marsh  be  owing  to  the  existence  of  a  river  at  a 
higher  level,  it  must  be  treated  in  a  similar  manner  to  that 
just  described,  if  the  river  itself  cannot  be  diverted ;  or  the 
river  must  be  confined  within  impermeable  banks,  and  the 
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waters  draining  from  the  low  lands  poured  into  it  by  some  of 
the  above-mentioned  engines.  It  may,  however,  happen  that 
the  stream  traversing  the  marsh  may  be  subject  to  great  and 
sadden  floods ;  and  in  such  cases  it  is  necessary  to  form  a 
doable  row  of  banks,  of  which  the  outer  ones  must  be  placed 
at  a  distance  and  superior  elevation  sufficient  to  carry  off  the 
increased  volume  of  water  flowing  through  them  at  such 
periods.  The  first  banks  then  serve  to  contain  the  river  in 
its  normal  state,  the  second  will  serve  to  contain  it  during 
floods ;  the  intermediate  bank,  or  zone,  may  be  devoted  to 
the  cultivation  of  aquatic  plants,  such  as  osiers,  willows,  &c. ; 
or  it  may  be  drained  by  a  separate  system  from  that  of  the 
marsh  entirely  protected. 

Of  the  machines  used  to  raise  water  in  any  of  the  supposed 
cases  there  are  many  varieties.  Those  hitherto  applied  may 
be  stated  to  be — 1,  pumps;  2,  Archimedean  screws;  8, 
machines  with  buckets;  4,  waterwheels  with  buckets,  or 
what  are  called  flash-wheels  ;  5,  the  water-pressure  engines, 
hydraulic  rams,  rope  pumps,  &c. 

Of  these,  the  pump  is  the  most  efiective  when  large  bodies 
of  water  are  to  be  raised  from  great  depths,  but  it  is  exposed 
to  the  objection  that  the  maintenance  of  the  packing  of  the 
piston  and  of  the  pump  barrel  must  be  very  expensive  when 
the  water  to  be  raised  is  so  much  charged  with  earthy  matter 
as  must  always  be  the  case  with  that  flowing  from  drains.  If, 
therefore,  the  height  to  be  overcome  do  not  exceed  15  feet,  it 
is  usual  to  adopt  other  machines.  Thus,  in  Holland  the 
Archimedean  screw  is  mostly  used,  when  the  height  varies 
from  7  to  12  feet,  and  in  the  majority  of  cases  motion  is  com- 
municated by  windmills ;  when  the  height  varies  from  8  feet 
6  inches  to  7  feet,  however,  flash- wheels  are  employed.  In 
our  own  fen  districts  the  scoop  has  been  applied  by  Mr.  W. 
Fairbaim  with  remarkable  talent  and  success,  in  cases  where 
the  height  to  which  the  water  had  to  be  raised  varied  from 
12  to  15  feet.     In  the  East  the  noria  (a  machine  consisting 
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of  an  endless  chain  bearing  a  series  of  buckets,  dipping  into 
the  water  at  the  lowest  point  of  its  course,  and  pooring  it  cut 
as  it  passes  the  upper  point)  has  been  used  from  time  imme- 
morial. The  fifth  class  of  machines  enumerated  above  are  so 
seldom  used  for  drainage  purposes  that  it  is  not  worth  while 
to  dwell  upon  them  at  present. 

In  Ireland,  some  large  bogs  have  been  drained  upon  the 
system  adopted  in  reclaiming  the  bog  of  Allen,  by  withdraw- 
ing the  water  from  below,  and  in  this  case  it  was  attended 
with  considerable  success.  The  surface  was  firstly  divided 
into  fields  of  an  oblong  figure,  and  of  about  5  or  6  acres  area, 
by  open  drains.  Augur  holes  were  driven  at  distances  of 
about  88  feet  down  to  the  rock,  and  at  a  level  of  at  least 
1  foot  above  the  surface  of  the  water  in  the  drain.  Curved 
pipe  tiles,  1^  inch  diameter,  were  inserted  into  the  holes,  so 
us  to  throw  the  water  into  the  centre  of  the  drain.  These 
drains  were  made  about  G  feet  deep.  On  the  Chat  Moss 
drainage  no  cfibrt  was  made  to  withdraw  the  deeper-seated 
waters,  but  all  the  measures  adopted  were  designed  merely 
with  reference  to  those  flowing  upon  the  surface.  Square 
enclosures  were  formed,  100  yards  long  by  60  wide,  by  means 
of  large  open  dniins,  8  feet  9  inches  deep  at  the  minimum, 
8  feet  wide  at  the  top,  and  1  foot  8  inches  at  the  bottom. 
Covered  cross  drains  were  formed  communicating  with  the 
open  ones,  and  with  a  width  of  between  12  and  14  inches 
as  far  as  the  shoulder,  placed  about  2  feet  2  inches  from  the 
surface ;  below  which  point  they  were  carried  to  a  further 
depth  of  about  16  inches,  with  a  width  of  8  inches :  these 
cross  drains  were  placed  at  distances  of  about  6  yards  from 
centre  to  centre.  No  tiles  or  pipes  were  used,  the  bottom  of 
the  drain  filling  being  formed  by  the  surface  spit  raised  from 
the  moss. 

[In  the  reign  of  Charles  I.  it  was  determine!  to  drain  the 
great  level  of  the  fens — an  extensive  district  of  low  marshy 
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land  on  the  east  coast  of  England,  bordering  upon  the  river 
Humber,  the  Witham,  the  Ancholme,  the  Welland,  the  Nene, 
and  the  Oase,  called  the  Bedford  Level,  from  the  name  of 
the  Earls  of  Bedford.  The  fen  districts  present  the  largest 
work  of  the  kind  in  the  world.  They  appear  to  have  formed, 
at  one  time,  an  estuary  of  the  Wash,  into  which  the  rivers 
above-named,  and  also  the  Glen  River,  were  discharged.  In 
the  north  of  Lincolnshire,  the  fens  do  not  extend  more  than 
four  or  five  miles  inland.  In  the  south  of  that  county  they 
are  20  miles  in  width,  and  between  Lynn  and  Peterborough, 
which  is  the  widest  part,  they  are  80  miles  wide.  Equal 
width  prevails  for  some  miles  further  south,  until  the  fens 
are  arrested  by  the  oolitic  elevations  of  Huntingdonshire  and 
Cambridgeshire.  They  terminate  at  a  few  miles  south  of 
Ely,  making  a  total  length  of  fen  district  of  about  130  miles. 

The  extent  of  country  drained  by  the  Wash,  includes  the 
entire  counties  of  Cambridge,  Huntingdon,  Bedford,  North- 
ampton, and  Rutland  ;  nearly  one-half  of  Norfolk,  one-third 
of  Suffolk,  one-half  of  Buckinghamshire,  three-fourths  of 
Lincolnshire,  and  a  small  part  of  Leicestershire.  The  area 
comprised  altogether  amounts  to  about  5,000  square  miles. 

The  Bedford  Level  is  divided  into  three  parts,  called, 
respectively,  the  South  Level,  the^Middle  Level,  and  the 
North  Level.  The  South  Level  is  drained  by  the  Ouse  and 
the  Bedford  Rivers,  which  have  been  variously  treated.  The 
North  Level  was,  for  a  great  number  of  years,  drained  by 
the  Wisbeach  outfall  and  the  crooked  course  of  the  Old  Nene 
River.  The  Middle  Level  presents  a  much  more  complicated 
system  of  drainage  than  the  other  levels.  The  principal 
artery  of  this  area  is  the  Old  Nene  River. 

The  rivers  already  named  form  the  present  water- drains  of 
the  fen  districts.  As  fen  rivers,  the  quantities  of  fresh  water 
transported  to  the  sea  by  the  Witham  and  the  Welland  are 
inconsiderable.  The  Ouse  and  the  Nene  are  the  more  im- 
portant drains.     They  rise  in  the  same  county,  and,  after 
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following  a  direction  nearly  at  right  angles,  discharge  them* 
selves  into  the  Wash  within  a  few  miles  of  each  other.  The 
Onse  is  probably  one  of  the  most  tortnons  rivers  in  the 
county.  Its  main  branch  rises  at  Gent  worth,  aboat  10 
miles  north-west  of  Buckingham,  which  is  aboat  80  miles 
from  Lynn,  though  it  traverses  about  160  miles  in  its  course. 
The  None  originates  in  two  springs  north  and  south  of 
Daventry.  Its  course  is  easterly  to  Northampton,  where  it 
becomes  navigable.  The  direct  distance  to  the  outfall  at  the 
sea  is  60  miles,  but  the  course  of  the  river  is  nearly  100 
miles  in  length.  At  Peterborough,  it  enters  the  fens.  It  is 
chiefly  conducted  through  this  region  by  artificial  cuts,  so 
that  its  original  channels  are,  in  some  places,  hardly  trace- 
able. The  valley  of  the  Nene  is  lost  80  miles  above  its  out- 
fall. The  valley  of  the  Ouse  does  not  extend  further  than 
St.  Ives,  and  it  runs  a  course  of  50  miles  afterwards  between 
this  town  and  Lynn.  The  valley  of  the  Welland  and  that 
of  the  Glen — a  secondary  river  which  runs  into  the  Welland 
— terminate  on  the  borders  of  Lincolnshire.  It  is  apparent 
that  all  the  rivers  just  noticed  seek  a  common  outlet,  over 
lands  which  are  no  higher  than  the  beds  of  the  rivers  ;  and 
that  they  are  only  prevented  by  embankments  from  over- 
running the  soil. 

The  plans  of  Cornelius  Vermuyden,  a  Dutch  Engineer, 
for  draining  the  fens  were  executed  in  the  middle  of  the 
seventeenth  century,  and  they  were  successful,  to  a  certain 
extent,  in  draining  the  level.  A  sluice  was  placed  across 
the  Ouse  at  Denver,  about  15  miles  from  the  sea  at  Lynn, 
where  the  Ouse  enters  the  Great  Wash,  so  as  to  exclude  the 
tidal  waters,  leaving  the  channel  of  the  Ouse  above  that 
sluice  for  discharging  the  firesh  waters  only.  These  it  was 
proposed  to  conduct  from  all  parts  of  the  land  by  small 
lateral  drains  or  canals,  carried  to  the  river  in  courses  as 
direct  as  was  practicable,  having  sluices  at  their  junction 
with  the  river  to  prevent  the  floods  from  entering  them  and 
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covering  the  adjacent  lands.  A  new  channel,  also,  ahont 
20  miles  long,  called  the  Bedford  or  Hundred  Foot  River, 
was  cut,  for  a  part  of  the  river  Ouse,  from  the  point  where 
Denver  Sluice  was  erected  to  the  old  channel  of  the  Ouse  at 
Earith,  where  another  stanch  or  sluice  was  placed  for  pre- 
venting the  tide  from  going  heyond  that  point. 

Yermuyden  considered  that,  hy  adopting  this  plan,  and 
having  only  the  firesh  water  to  contend  with,  he  would  get 
rid  of  that  powerful  enemy  to  drainage,  the  tide,  and  would 
have  only  to  deal  with  the  fresh  water.  This  plan,  for  a 
time,  answered  tolerably  well,  and  a  considerable  improve- 
ment in  the  drainage  was  effected.  But  the  mouth  of  the 
channel  of  the  river  Ouse,  which  is  the  chief  outfall  for  the 
drainage  of  the  district  where  the  Bedford  Level  is  situated, 
being  deprived  of  its  accustomed  and  natural  scouring  power 
of  tidal  water,  became  so  obstructed  by  shoals  that  the  land 
water  could  not  pass  off  to  the  sea.  In  proportion  as  the 
drainage  became  defective  in  process  of  time,  as  it  necessarily 
did,  windmills  were  erected  to  work  scoop-wheels,  with  a  lift 
of  4  or  5  feet,  for  raising  the  water  out  of  the  lateral  canals 
into  the  river.  In  1718,  Denver  sluice  was  undermined  and 
blown  up  by  the  floods,  and  the  tide  recovered  to  some 
extent  its  ancient  receptacles;  but  the  sluice  was  rebuilt 
after  a  few  years  on  the  old  system,  and  the  drainage  and 
the  navigation  became  deteriorated  as  before.  The  principal 
defect  existed  immediately  above  the  town  of  Lynn,  where 
the  river  took  an  extraordinary  bend,  almost  at  right  angles 
to  its  general  course,  for  a  length  of  5^^  miles,  forming  almost 
a  semicircle  of  a  diameter  not  exceeding  2}  miles.  In  addi- 
tion to  this  diversion,  by  which  the  fall  or  inclination  of  the 
current  was  lost,  the  channel  was  so  irregular  and  dispro- 
portionate in  width,  and  so  much  encumbered  with  drifting 
sands,  that  the  tidal  and  fresh  waters  were  unable  to  force 
their  way  through  them.  Thus  the  drainage  waters  were 
penned  up  above,  and,  being  detained,  they  formed  a  tranquil 
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pool,  which  dnring  floods  frequently  broke  the  banks  and 
inundated  the  surrounding  country ;  and  the  channel,  more- 
over, being  deprived  of  its  natural  scour,  silted  up  in  the 
same  proportion.  The  remedy  for  this  great  evil,  first  pro- 
posed in  1724  by  Bridgeman,  and  approved  by  many  other 
engineers,  was  to  cut  off  the  bend  in  the  Ouse  by  opening  t 
comparatively  straight  channel  between  the  two  extremities. 
The  Eau  Brink  Cut,  executed  for  this  object,  was  opened  in 
1821,  and  very  beneficial  effects  immediately  followed.  The 
extraordinary  wet  winter  of  1821,  which  succeeded,  proved 
its  success  beyond  doubt.  Soon  after  the  cut  was  opened, 
the  low-water  line  in  the  Ouse  immediately  above  the  cut 
fell  5  feet.  The  additional  fall  augmented  the  inclination  in 
the  current,  which  acquired  increased  velocity  and  greater 
power  to  scour  away  and  remove  the  obstacles  in  the  bed  of 
the  river,  and  to  cause  the  discharge  of  a  greater  quantity  of 
water  in  the  same  time,  as  well  as  a  longer  period  for  dis- 
charging it.  In  consequence,  it  became  practicable  to  lower 
the  sills  of  the  Denver  sluice  6  feet.  The  country  was  greatly 
benefited  by  the  improved  discharge  and  the  better  drainage. 
The  tidal  waters,  moreover,  being  freed  from  the  shifting 
sands  and  circuitous  course  of  the  old  channel,  and  being  con- 
fined as  one  mass  in  the  new  direct  channel,  acted  with  greater 
effect.  Finding  their  way  upwards,  and  becoming  united  with 
the  fresh  waters,  and  enlarging  and  deepening  the  channel 
above,  the  channel  was  kept  open  to  its  proper  dimensions. 
Consequently,  both  the  drainage  and  the  navigation  were  im- 
proved by  the  Eau  Brink  Cut,  whilst  an  area  of  800,000 
acres,  drained  by  the  Ouse,  was  brought  into  profitable  culti- 
vation. The  improvement  was  carried  still  further  in  enlarging 
the  cut  by  one-third,  making  a  total  augmented  fall  of  7^  feet 
in  the  current  at  the  upper  end. 

The  drainage,  nevertheless,  was  not  quite  satis&ctory,  and 
some  further  works  were  undertaken  in  1850 — steam  power 
for  lifting  water  in  the  neighbourhood  of  Whittlesea  Mere, 
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and  an  improvement  in  the  oatfall  below  Ljrnn — under  the 
direction  of  Sir  John  Bennie  and  Mr.  Robert  Stephenson. 
The  **  New  Cut "  was  constructed — being  virtually  an  exten- 
sion of  the  Eau  Brink  Gut — a  straight  cut  2  miles  in  length, 
and  from  600  to  700  feet  wide :  discharging  the  waters  into 
the  Norfolk  estuary  at  a  lower  point,  and  so  improving  the 
tidal  action  as  to  increase  the  gain  at  Lynn,  which  had 
amounted  to  7i  feet  in  consequence  of  the  Eau  Brink  Cut, 
by  6  feet  additional,  making  a  total  augmentation  of  18^  feet 
in  depth.* 

A  similar  operation  was  performed  by  Telford  and  Bennie 
on  the  river  Nene,  in  1829,  at  the  Nene  outfall,  which  com- 
mences about  5  miles  below  Wisbeach  and  terminates  at 
Skates  Comer ;  making  a  length  of  nearly  5  miles,  where  it 
joins  the  estuary  of  the  Wash.  The  beneficial  effects  of 
this  work  were  decisive.  The  low- water  mark  was  lowered 
10^  feet,  and  a  district  of  above  100,000  acres  in  extent  was 
completely  drained  and  brought  into  cultivation,  which  for- 
merly was,  for  most  pturt  of  the  year,  a  stagnant  marsh.  The 
tide  rises  14  feet  at  Wisbeach,  and  vessels  of  200  tons 
come  up  to  the  town,  whereas  previously  the  river  was  only 
navigable  for  small  sloops. 

An  extensive  plan  for  the  interior  drainage  was  next 
designed  and  executed  by  Telford  in  1880.  It  consisted  of 
one  main  drain,  with  two  subsidiary  smaller  drains,  extending 
above  20  miles,  to  Thomey,  to  briug  down  and  discharge  all 
the  waters  from  the  low  fen-land  districts  into  the  upper  end 
of  the  new  outfall,  by  means  of  a  capacious  new  sluice  with 
self-acting  gates,  by  which  the  water  from  the  drains  is  dis- 
charged into  the  Nene,  so  long  as  the  level  of  the  water  in 
the  drains  is  higher  than  that  of  the  river.  When  the  water 
in  the  river  is  higher,  the  sluice-gates  close,  and  prevent  the 
water  of  the  river  from  entering  the  drains.     This  plan  of 

^  There  is  uncertainty  as  to  the  amount  of  the  extra  depth  oiTected 
by  the  Eau  Brink  Cut. 
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Telford's  resembled  one  previously  proposed,  on  a  more 
extensive  scale,  by  Rennie,  for  the  same  object,  and  accom- 
panied by  the  important  addition  of  catch- water  drains. 

Taming  to  the  district  of  fen-land  drained  by  the  river 
Witham,  Holland  Fen,  lying  to  the  south  of  the  Witham  and 
south-wcstwardly  of  Boston,  was  treated  for  drainage  as 
early  as  1688,  when  a  sluice  known  as  the  *'  Grand  Sluice," 
now  the  '*  Black  Sluice,'*  was  built  abutting  on  the  river  a 
little  below  the  town  of  Boston,  and  a  drain  8  miles  long, 
reaching  to  Swineshead,  was  cut  to  bring  the  waters  of  the 
fen  to  this  outfall.  Opposed  by  the  population,  the  adven- 
turers renounced  the  scheme,  which  had  been  partly  worked 
out,  the  works  fell  into  disrepair  and  decay,  and  the  land 
relapsed  into  its  primitive  condition — a  vast  and  deso- 
late fen. 

In  1767,  another  and  a  successful  attempt  was  made  to 
drain  Holland  Fen.  The  whole  of  the  waters  were  brought 
to  the  outfall  at  Black  Sluice  by  a  drain,  known  as  the 
**  South  Forty  Foot,"  running  through  the  middle  of  the  fen, 
for  the  most  part  at  right  angles  to  the  Witham,  upwards  of 
20  miles  in  length,  wide  enough  and  deep  enough  to  allow  of 
the  passage  of  boats  for  the  conveyance  of  produce.  The 
area  of  land  drained  by  this  cut  amounted  to  upwards  of 
64,000  acres.  In  addition,  the  drainage  of  80,000  acres  of 
land  that  had  been  drained  by  the  river  Glen  was  directed 
to  this  new  cut ;  and,  in  fact,  the  waters  of  the  Glen  itself, 
previously  discharged  into  the  river  Welland,  were  directed 
towards  the  South  Forty  Foot.  In  the  year  1846,  the  drain- 
age became  defective,  partially  owing  to  the  subsidence  of 
the  land  occasioned  by  the  drainage  of  water  from  it.  The 
drain  was,  in  consequence,  lowered  from  4  feet  to  5  feet 
throughout,  and  a  new  outfall  sluice  was  made,  having  three 
openings  of  20  feet  each,  one  of  which  was  constructed  as  a 
lock  for  navigation.  The  sill  of  the  new  sluice  was  6  feet 
below  the  level  of  that  of  the  old  sluice.  The  fall  of  the  drain 
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is  8  inches  to  a  mile.     The  whole  of  the  fen  is  ander  culti- 
vation. 

The  district  to  the  south  of  the  Witham,  between  Holland 
Fen  and  the  river,  is  drained  by  the  **  North  Forty  Foot" — 
a  drain  which  was  cnt  abont  the  year  1720 — running  parallel 
to  the  Witham.  It  discharges  the  waters  at  the  same  outfall, 
the  Black  Sluice,  as  that  of  the  South  Forty  Foot. 

The  eastern  portion  of  the  fens,  lying  to  the  north-east  of 
the  Witham,  called  the  fourth  district — the  East  Fen,  the 
West  Fen,  and  the  Wildmore  Fen — are  the  lowest  in  level  of 
the  fens  in  the  district.  From  an  early  period  the  westerly 
portions  of  these  levels  discharged  their  waters  into  the 
Witham,  at  a  point  about  two  miles  above  Boston,  through  a 
sluice  called  Antonys  Gout,  and  the  remainder  was  drained 
through  Maud  Foster's  Gout,  a  sluice  discharging  the  waters 
into  Boston  Haven,  a  mile  below  the  town.  In  1801,  an  Act 
was  obtained  for  the  drainage  of  these  fens,  the  area  of  which 
was  computed  at  40,000  acres,  although  at  present  there  are 
upwards  of  62,000  acres  taxable  by  the  Drainage  Acts,  and 
there  is  a  watershed  of  upwards  of  82,000  acres.  Mr.  Rennie 
was  consulted,  and,  in  1806,  he  proposed  and  executed  a 
complete  system  of  drainage.  Perceiving  the  inefficiency  of 
the  river  as  a  means  of  drainage,  he  proposed  that  it  should 
be  improved  by  straightening  its  course,  and  increasing  the 
capacity  of  its  channel.  But  he  was  forced  by  opposition  to 
carry  his  main  drains  into  the  river  below  Boston.  He 
divided  the  drains  into  two  classes.  One  class  was  called 
**  catch-water  drains,"  which,  running  along  the  base  of  the 
hills  surrounding  the  low  lands,  intercepted  all  the  waters  of 
the  high  lands.  These  waters  were  conducted  by  the  catch- 
water  drains  into  a  main  drain — the  old  Maud  Foster  Drain, 
which  was  enlarged — from  which  the  waters  were  discharged 
by  a  self-acting  sluice  into  the  Witham,  below  Boston.  The 
low-land  waters,  thus  freed  from  the  high-land  waters,  were 
conducted  by  separate  drains  into  another  main  drain  at 
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Hobhole,  abont  three  miles  lower  down  the  Witham,  where 
there  was  more  fall.  By  this  means  both  classes  of  waters 
were  discharged  independently  of  each  other.  Bat  provision 
was  made  for  discharging,  if  necessary,  all  the  water  by  the 
lower  drain  at  Hobhole.  This  combined  discharge  did  be- 
come necessary,  and  the  district,  formerly  a  stagnant  marsh, 
was  converted  into  corn-fields. 

The  theory  of  the  *' catch-water*'  drain  system  is  obvioas. 
Previonsly,  the  waters  flowing  from  the  higher  levels  foond 
their  way  quickly  off  the  lands  and  filled  the  drains,  damming 
back  the  water  in  the  ditches  on  the  low  lands,  where  it 
remained  antil  the  upland  waters  had  foond  their  way  to  the 
sea.  The  catch-water  drains,  skirting  the  whole  district 
bounding  the  fens,  prevented  the  high-land  waters  from 
entering  the  low-land  drains ;  and  so  the  low-land  waters 
were  allowed  to  flow  off  without  interruption. 

The  Witham  was  originally  a  tidal  river.  By  neglect  it 
became  mueh  silted  up ;  and,  as  a  remedy,  a  sluice  was 
erected  at  Boston,  about  the  year  1580,  under  the  advice  of 
a  Dutch  engineer.  May  Hake.  The  sluice  failed  to  perform 
what  was  expected  of  it.  In  1751,  Boston  Haven,  then  a 
reach  of  the  river  below  Boston,  partially  silted  up,  so  that, 
though  large  vessels  of  200  tons  formerly  came  to  Boston, 
only  sloops  of  50  or  60  tons  could  arrive  there.  The 
North  Forty  Foot  was  blamed  for  abstracting  the  water 
supply  of  the  river.  A  new  sluice,  called  the  Grand  Sluice, 
was  substituted  for  Hake's  sluice,  and  was  built  across  the 
river  a  short  distance  above  the  town.  It  consisted  of  four 
arches,  about  21  feet  wide,  one  of  which  was  used  as  a  lock. 
Self-acting  sea-doors  were  hung  on  the  outer  side  of  the 
sluice ;  and,  in  the  interior,  slackers  or  draw-doors  were  hong, 
for  regulating  the  level  of  the  water  in  the  river.  The  cost 
of  the  works  amounted  to  £60,000.  It  was  found,  after  all, 
that  the  drainage  and  V.\ie  ii«.V\^\.\oii  were  hostile  and  incom* 
pstible  with  each  otliet.    1\ift  T\Nct^Vi\»  \ft  \\.^^^  i^^a^Tis^, 
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The  land  in  the  East  Fen,  originally  the  lowest  in  level, 
became  lowered  by  the  thorough  drainage  to  the  extent  of 
from  1  to  2  feet — in  some  cases  2  J  feet — below  its  original 
level.  The  upper  surface  of  the  soil,  full  of  peat  and  organic 
matter,  was  saturated  with  water ;  and  as  the  soil  has,  in  the 
course  of  years,  been  worked  and  cultivated,  the  organic 
matter  has  gradually  decayed.  By,  drainage,  the  soil  has 
become  less  spongy  and  more  compressed,  and  therefore  it 
subsided  frpm  its  original  level.  Hobhole  Drain,  in  conse- 
quence, did  not  work  so  effectually  as  at  first ;  and  water,  in 
wet  seasons,  was  left  for  a  considerable  length  of  time  on  the 
lowest  lands.  Sir  John  Hawkshaw  was,  in  1861,  consulted 
on  the  question.  He  proposed  alternative  remedies.  One 
was,  by  an  improvement  of  the  Haven,  to  lower  the  low- water 
mark ;  the  other  was  to  erect  a  sluice  about  the  middle  of 
the  drain,  and  a  steam  pumping  engine  to  lift  the  water  from 
the  low-level  portion  of  the  drain  at  the  lowest  lands — that 
is  to  say,  at  the  upper  section  of  the  drain — to  the  level  of 
the  higher  level  portion.  As  the  first  alternative  involved  the 
co-operation  of  all  the  trusts  interested,  the  second  was 
adopted,  and  pumping  machinery  was,  in  1870,  erected  at 
Lade  Bank,  a  station  on  the  upper  part  of  Hobhole  Drain. 

The  works  comprised — 1st,  a  sluice  or  dam  having  three 
water-ways,  each  12  feet  wide,  and  as  high  as  the  dam,  closed 
by  ordinary  swing-gates,  in  pairs.  The  central  water-way  is 
also  used  as  a  navigation  lock,  having  two  pairs  of  gates. 
2nd.  Two  pump- wells,  each  12  feet  wide,  also  closed  by 
ordinary  swing-gates,  in  pairs.  The  engine-house  is  built 
over  the  wells.  8rd.  The  boiler-house,  with  storage  for 
coals,  and  the  chimney  adjoining.  In  each  pump- well  there 
is  a  double-suction  Appold  centrifugal  pump,  having  a  hori- 
zontal fan  7  feet  in  diameter  and  2  feet  2  inches  deep,  on 
an  upright  shaft.  On  this  shaft,  at  the  upper  end,  a  bevel 
pinion  is  keyed,  which  is  driven  by  a  mortice  bevil  wheel  on 
ibe   crank'Shait  of  the  steam-en^e.     'XYi^t^  \%  ^  ^"«2t  ^\ 


cnfrincs,  sclt'-contaiiu-d,  on  one  becl-plate,  to  each  pump.  TL 
engines  are  condensing,  vertical,  and  direct-acting,  ^ith 
rocking-beam  parallel  motion.  The  cylinders  are  80  inche 
in  diameter,  with  a  stroke  of  80  inches.  They  are  worke 
expansively,  the  steam  being  cnt  off  at  one-fourth  of  tfa 
stroke ;  and  the  engines  make  86  revolntions  per  minat< 
The  two  pairs  of  engines  are  supplied  with  steam  from  si 
Lancashire  boilers,  6^  feet  in  diameter  and  28  feet  long,  wit 
two  tubes  2i  feet  in  diameter.  The  pressure  in  the  boiler  i 
45  lbs.  per  square  inch. 

The  excavations,  buildings,  and  machinery  were  exeeut« 
in  one  contract  by  Messrs.  Eastons,  Amos,  and  Andersoi 
for  the  sum  of  £17,000. 

The  entire  drainage  of  85,000  acres  is  now  performed  b 
means  of  this  machinery.  It  was  well  tested  during  tfa 
winter  following  the  time  of  its  completion.  Within  86  boon 
on  the  7th  and  8th  of  December,  1870,  there  was  a  fall  ( 
rain  equivalent  to  094  inch,  whilst  the  total  rainfall  of  tbi 
month  was  fifty  per  cent,  in  excess  of  any  winter  month  durin 
the  previous  40  years.  It  appeared  that,  whereas  in  January 
1867,  with  a  rainfall  of  8*82  inches,  an  area  computed  a 
from  10,000  to  12,000  acres  was  placed  under  water  fo 
several  weeks,  the  whole  of  the  district  was  kept  perfectl; 
clear  of  water  in  the  month  of  December,  1870,  with  5*2i 
inches  of  rainfall,  by  means  of  the  new  machinery. 

The  total  working  expenses  for  the  year  ending  March  81 
1872,  amounted  to  £578.  For  the  preceding  year  it  wa 
£490,  or  from  8^d.  to  4d.  per  acre  drained.  The  cost  o 
the  works  was  at  the  rate  of  10s.  per  acre,  which,  talduj 
interest  at  4^  per  cent.,  represented  5d.  per  acre. 

Statistics  of  Work. 

Year  ending  diet  Man*] 
1871.  i9nt. 

Average  number  of  turns  of  engines  per  minute       36*02  38* 

Average  lift  in  inches  ....  44*77  45 

Som  of  hours  worked  by  both  pumps  .  794*25  990* 


328 

397-25 

25-75 

20-25 

181 

135 

135 

85 

£158  128. 

£158  128. 

£15  128. 

£18  4i. 

£30  88. 

£29  13b. 
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Weight  of  water  discharged,  tons  .     13,564,190      18,296,130 

Coals  consomed  during  working  hours,  tons 

Engine  oil  consumed,  gallons 

Tallow  consumed,  lbs.  .... 

Waste  used,  lbs. 

Wages  paid : — 

First  and  second  drivers,  yearly    . 

Boy,  yearly 

Firemen,  2,085}  hours  at  3}d.  per  hour 
Ditto    2,033  „  „ 

The  Middle  Level  presents  a  complicated  system  of 
drainage — a  network  of  learns,  drains,  eaus,  and  rivers, 
running  in  all  directions :  in  some  instances,  at  right  angles 
to  the  direction  of  the  outfall,  in  others  in  a  direction  nearly 
contrary.  The  Old  River  Nene — the  principal  artery — takes 
a  very  circuitous  course.  It  runs  through  Whittlesea,  Ugg, 
and  Bamsey  Meres,  and  thence  to  March  and  Upwell,  where 
it  is  connected  with  the  Ouse  by  a  junction  with  Popham*s 
Eau  and  Well  Creek.  It  had,  for  many  years  past,  been  a 
source  of  contention  between  those  using  it  as  a  navigation,  and 
the  owners  of  land  requiring  to  make  it  available  for  drainage. 

In  1842,  Mr.  James  Walker  reported  on  the  drainage  of  the 
Middle  Level,  affecting  an  area  of  140,000  acres,  exclusive 
of  the  high  lands  about  Whittlesea  and  March.  With  the 
exception  of  these  lands,  the  whole  of  this  vast  area  was 
drained  by  artificial  means.  He  proposed  a  main  line  of 
drain  to  commence  at  the  upper  end  of  the  Eau  Brink  Cut, 
above  the  Marshland  Sluice,  to  Caldecot  Farm,  on  the  west 
side  of  Whittlesea  Mere.  It  was  to  be  level  for  its  whole 
length,  which  was  81  miles ;  but  it  was  only  partially  con- 
structed. It  extends  11^  miles  from  the  point  of  junction 
with  the  Eau  Brink  Cut,  and  communicates  with  Popham*s 
Eau  and  the  Sixteen  Feet  River,  which  are  two  of  the  main 
drains  of  the  Middle  Level.  A  sluice,  known  as  the  St. 
Germains*  Sluice,  was  built  at  the  outfall  or  confluence  of  the 
main  drain  with  the  Ouse. 
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The  main  drain,  or,  as  it  is  called,  Walker's  Cut,  as  at 
first  made,  in  1847,  was  50  feet  wide  at  its  lower  end, 
40  feet  wide  at  Well  Creek,  and  30  feet  wide  above  Well  Creek 
The  level  of  the  bottom,  at  the  oatlet,  was  5  feet  below  low 
water  in  the  Oase,  and  that  of  the  sill  was  8  feet  below  the  same 
level.  It  had  an  inclination  npwards  of  1  inch  per  mile  to 
Well  Creek,  where  sluices  were  placed  to  keep  up  the  level 
of  the  water  in  this  river  for  navigation.  The  sills  of  the 
Well  Crock  sluices  were  laid  at  the  same  level  as  that  of  the 
outlet  sluice  at  the  upper  end  of  Eau  Brink  Cat,  and  they 
consisted  of  three  openings  of  20  feet  each.  In  1848,  it  was 
determined  to  deepen,  with  a  few  exceptions,  all  the  main 
rivers  and  drains  of  the  Middle  Level — about  110  miles— 
from  4  to  6  feet,  with  widths  at  the  bottom  of  from  12  feet 
to  80  feet ;  to  make  new  cuts  or  junctions  ;  and  to  construct 
locks  at  XJpwell,  Horsway,  and  Ashline,  for  navigation.  Id 
consequence  of  these  works,  which  were  all  completed  in 
1852,  the  water  in  the  rivers  and  drains  was  lowered  6  feet. 
In  1857,  Mr.  Walker's  original  design  was  further  carried 
out  by  the  deepening  of  Walker's  Cut  4  feet,  or  to  1  foot 
below  the  sill  at  the  outlet,  with  a  level  bottom  for  its  whole 
length  of  11^  miles.  The  width  at  the  bottom,  thus  deep- 
ened, was  48  feet.  The  slopes  of  the  sides  are  2  to  1  ;  and, 
according  to  Sir  John  Hawkshaw,  writing  in  1863,  the 
level  of  the  bottom  is  7  feet  under  low  water  of  spring 
tides  in  the  river  Ouse,  at  the  point  where  the  drain  enters 
the  river.  The  rise  of  the  tide  in  the  Ouse  at  that  point  is 
about  19  feet  at  spring  tides,  and  the  level  of  the  sill  of 
the  St.  Germains'  Sluice  is  6  feet  below  low  water  of 
spring  tides.  The  bed  of  the  drain,  at  this  place,  is  of 
soft  blue  clay,  and  the  sides  consist  of  variable  thicknesses 
of  soft  blue  clay,  peat,  yellow  clay,  and  surface  soil.  Of 
these  materials  the  side  banks  above  the  level  of  the  ground 
are  composed. 
On  the  4th  of  May>  1^^^>  V^ie  ^^..  Qsctxasciasi  "^xictt^"^  ^^ss^v 
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way.  The  tidal  waters  were  admitted  from  the  river  into 
the  drain,  and  rashed  np,  and  again  poared  oat  of  the  drain 
with  great  velocity.  For  a  distance  of  20  miles  the  waters 
ebbed  and  flowed.  In  the  course  of  a  few  days  the  banks 
were  breached  at  a  point  about  4  miles  above  the  sluice,  and 
an  area  of  upwards  of  9  square  miles,  or  about  6,000  acres 
of  land,  were  inundated. 

Sir  John  Hawkshaw,  who  was  intrusted  with  the  work  of 
repair,  determined  to  construct  a  permanent  coffer-dam  of 
pile- work  across  the  drain,  as  the  only  structure  that  was 
likely  to  answer  the  purpose.  Two  rows  of  sheet-piling, 
25  feet  apart,  were  driven  across  the  slopes  at  the  sides  of 
the  drain,  and  the  intermediate  portion,  across  the  bottom 
and  the  lower  parts  of  the  sides,  consisted  of  pairs  of  whole 
timbers  driven  down,  7^  feet  apart  from  centre  to  centre ; 
and  the  intervening  spaces  were  occupied  by  panels  7  inches 
in  thickness.  The  dam  was  strongly  fortified  by  struts  and 
ties. 

Sixteen  siphon  pipes  of  cast  iron,  8^  feet  in  diameter, 
were  laid  across  the  dam,  for  discharging  the  waters,  at  an 
inclination  of  2  to  1,  at  each  side.  The  upper  portions  of  the 
siphons  are  horizontal,  at  the  crown  of  the  dam;  and  the  ends 
are  also  horizontal  at  the  bottom  of  the  drain,  being  laid 
18  inches  below  the  level  of  low  water  of  spring  tides,  mea- 
sured to  the  upper  side  of  the  pipes.  These  are,  therefore, 
always  under  water.  The  top  of  the  siphon  is  20  feet  above  the 
same  leveL  The  siphons  are  set  in  action  by  exhausting  the 
air  from  the  inside,  by  means  of  an  air-pump  worked  by  a 
steam-engine.  The  air-pump  has  three  15-inch  cylinders 
worked  together  by  means  of  a  three-throw  crank-shaft, 
with  a  stroke  of  18  inches.  The  engine  is  of  10  horse- 
power, having  a  12-inch  cylinder  with  a  stroke  of  20  inches. 

The  works  for  the  drainage  of  the  Ancholme  Level,  con- 
sisting of  about  50,000  acres,  extending  24  miles  south  of 
the  Hnmber,  were  executed  to  the  d^si!^^  ^\  ^t«  ^^\^snk^ 

B  B     d 
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and  Sir  John  Rennie.  The  river  Anoholme  takes  its  rise  a 
little  to  the  north  of  Lincoln  ;  and,  after  a  eonrse  of  about 
85  miles,  passing  through  the  centre  of  the  district,  it  dis- 
charges itself  into  the  Humber  about  a  mile  to  the  west  of 
the  village  of  Ferraby.  The  valley  varies  from  one  mile  to 
three  miles  in  width.  At  a  place  called  Bishop's  Bridge, 
about  20  miles  from  the  Humber,  and  at  the  sonthein 
extremity  of  the  level  the  Ancholme  is  joined  by  a  large 
brook,  the  Rasen,  which  brings  down  considerably  more 
water  than  the  Ancholme.  One  day's  flood  would  cover  the 
whole  level  to  a  depth  of  2^  inches.  The  following  state- 
ment affords  an  idea  of  the  quantities  of  water  that  were  to 
be  dealt  with  : — 

Cnbtefeet. 
The  streams  on  the  cast  side  produce        .        .      48,014,000 

Those  on  the  west  side 24,500,000 

The  Ancholme  and  the  Haiien   ....      36,000,000 

Sundry  small  streamB 32,000,000 


Total  in  one  day's  flood  .        .        .     140,514,000 

Whilst  the  area  of  the  valley  amounts  to  50,000  acres,  it 
receives  tho  water  from  150,000  acres  of  high  lands  border- 
ing on  the  east  and  the  west  sides. 

Sir  John  Rennie  recommended  that  the  plans  of  the  catch- 
water  drains,  proposed  by  Mr.  Rennie,  should  be  carried  out 
to  their  full  extent ;  that  the  main  river,  the  Ancholme, 
should  be  straightened,  widened,  deepened,  and  enlarged  to 
double  its  capacity  ;  that  a  new  sluice  should  be  constructed 
at  Ferraby,  with  its  sill  laid  6  feet  lower  than  the  old  sill, 
together  with  a  new  lock  20  feet  wide,  so  as  to  serve  the 
double  purpose  of  accommodating  larger  vessels  and  of  act- 
ing as  an  additional  discharge  for  the  drainage  waters  during 
periods  of  flood  ;  that  all  the  old  bridges  should  be  removed, 
as,  during  floods,  they  kept  back  the  waters,  and  were  seri- 
ous obstructions  to  the  drainage ;  that  a  new  lock  should  be 
constructed  at  Haarlem  Hill,  18  miles  above  Ferraby  Sloiea. 
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That  as,  daring  floods,  tbo  Ancholme  and  the  Basen  brought 
down  a  considerable  quantity  of  sand  from  the  adjacent  hills, 
so  as  sometimes  to  block  up  the  main  river  and  the  drains, 
and  thus  to  prevent  them  from  discharging  their  waters,  and 
thus  causing  inundation  of  the  adjacent  lands,  it  was  further 
proposed  to  construct  a  large  overfall  and  weir,  with  an 
extensive  reservoir  on  the  lower  side,  to  catch  all  the  sand 
and  mud  which  was  brought  down  from  the  upper  part  of 
the  country,  and  thus  to  prevent  its  falling  into  the  main 
river.  From  the  reservoir,  the  mud  and  sand  would  bo 
occasionally  removed.  It  was  also  subsequently  recom- 
mended that  there  should  bo  similar  overfalls,  weirs,  and 
reservoirs  at  all  the  minor  streams  and  brooks  where  thoy 
united  with  the  level. 

The  works  of  the  Ancholme  drainage  were  executed  in 
conformity  with  the  terms  of  Sir  John  Rennie's  report,  and 
were  completed  in  1844.  They  were  attended  with  all  the 
success  which  was  anticipated.  Sir  John  Rennie  briefly 
indicates  the  leading  principles  of  drainage  thus  practically 
established : — 

1.  The  formation  of  catch- water  drains,  which  separated 
the  high-land  waters  from  the  low-land  waters,  and  conveyed 
each  class  of  waters  to  independent  sluices  at  the  lowest 
practicable  outfalls.  This  system  was  first  practised  by  Mr. 
Rennie,  about  the  year  1801,  in  the  Witham  drainage. 

2.  The  straightening,  deepening,  and  general  improvement 
of  the  main  river,  separating  as  much  as  possible  the  naviga- 
tion from  the  drainage. 

8.  The  formation  of  overfalls,  weirs,  and  reservoirs,  for 
arresting  the  sand  and  mud,  and  preventing  the  drains  from 
being  choked.] 


CHAPTER  X. 

DRAINAGE  OF  TOWNS. 

The  Drainage  of  Towns  is  a  subject  of  such  manifest  interest 
to  the  commnnity  at  large,  that  the  discussion  of  the  best 
and  most  efficient  system  to  be  adopted  has  occnpied  the 
attention  of  legislators  and  engineers  at  all  times.  There  are 
two  branches  of  the  subject  which  may  be  considered  to  be 
sufficiently  distioguishable  from  one  another  for  the  purposes 
of  classification,  and  which  may  be,  and  often  are,  treated  in 
practice  upon  very  different  principles.  These  subdivisions 
are — 1st,  the  consideration  of  the  means  for  removing  sur- 
face or  drainage  waters ;  and,  2nd,  of  the  consideration  of 
the  means  of  removing  all  excrementitious  matters  in  such  a 
way  as  to  insure  their  most  effectual  removal  without  annoy- 
ance, and  their  economical  adaptation  wherever  possible. 

Wherever  a  large  and  highly  civilised  community  assembles 
it  becomes  frequently  difficult  to  separate  the  two  classes  of 
matters  to  be  removed,  especially  as  existing  municipal 
arrangements  complicate  the  question  in  an  infinite  number 
of  ways.  Cities  grow,  without  much  apparent  reason  for  the 
particular  manner  in  which  the  increase  affects  their  plan; 
very  rarely,  indeed,  is  it  possible  to  predicate,  and  to  provide 
for,  the  eventual  wants  of  their  population,  not  only  because 
the  distribution  of  cities  may  alter,  but  also  because  from 
time  to  time  changes  are  effected,  even  in  national  habits, 
wbicb  defy  all  previous  ca\c;v]\&\.\0Ti.  TVi^wae  it  is  that  we  find 
both  the  want  of  ay Btema\i<i  ftitwi%erDDL«u\.*\\iwa^^ini^^T^^ 
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and  the  excess  of  it  in  France,  equally  sources  of  difficulty 
in  the  adaptation  of  modem  refinements.  But  we  have  at 
least  this  advantage — that  having  done  little,  we  have  less 
to  undo ;  and,  after  all,  it  appears  to  be  the  wisest  course  to 
deal  with  these  questions  as  they  arise,  without  endeavour- 
ing to  restrain  the  freedom  of  action  of  those  who  are  to 
succeed  us. 

However,  in  all  modem  cities  the  tendency  certainly  is  to 
divert  house  sewage  into  the  public  drains,  especially  in  our 
own  country.  There  are  still  many  towns  in  which  the  old 
system  of  drainage  for  surface  waters,  and  cesspools  for  house 
refuse,  prevails  ;  but,  compulsorily,  they  are  diminishing  in 
number  every  year.  There  are  some  conditions  which  ren- 
der it  doubtful  whether  the  concentration  of  the  two  systems 
in  the  same  discharging  drains  be  desirable,  at  least  under  all 
circumstances  ;  and  in  this,  as  in  all  other  branches  of  engi- 
neering, no  inflexible  rule  can  be  said  to  exist.  Owing  to 
the  nature  of  the  soil  upon  which  a  town  is  built,  its  configu- 
ration, the  character  of  the  outfall,  and  of  the  country  round 
that  outfall,  a  course  highly  advisable  in  one  case  might  be 
objectionable  in  another.  These  modifying  causes  will  be 
examined  successively  ;  stating  before  so  examining  them  the 
general  conditions  to  be  fulfilled.  Some  of  these  considera- 
tions will  be  found  to  apply  to  the  discussion  of  the  questions 
connected  with  the  water  supply  of  towns, 

The  conditions  required  to  be  fulfilled  are,  as  before  stated, 
that  the  whole  of  the  surface  and  land  waters  be  removed, 
and  that  the  house  refuse  be  carried  away  effectually  and 
inoffensively.  The  latter  will  depend,  in  quantity,  upon  the 
population,  and  the  greater  or  less  abundance  with  which 
water  is  supplied  for  domestic  use.  In  England,  it  is  only 
in  exceptional  cases  that  the  average  number  of  inhabitants 
per  house  exceeds  6 ;  whilst  in  France  and  some  parts  of 
Scotland  it  may  be  occasionally  as  many  as  40.  Upon  a 
copious  distribution  of  water  being  ^iL^\A^^  *^  \&  "c^ssc^  V:^ 
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calculate  that  every  individual  would  give  rise  to  a  consump- 
tion of  about  20  gallons  per  day  ;  and  probably  of  this  total 
quantity  about  16  gallons  may  find  their  way  into  the  sewert 
from  the  various  dependencies  of  houses.  Sewers,  then,  if 
designed  to  remove  all  waters,  most  be  of  sufficient  capacity 
to  discharge  a  volume  calculated  upon  the  above  supposition, 
together  with  any  storm- waters  which  may  fall.  It  has  been 
observed  by  Mr.  Phillips,  that  the  greatest  flow  of  house 
sewage  takes  place  between  the  hours  of  11  and  1 ;  and  that 
in  each  of  those  hours  at  least  ^th  of  the  total  daily  discharge 
finds  its  way  into  the  sewers.  The  capacity  of  the  latter 
must,  then,  be  made  such  as  to  discharge  the  greatest  quan- 
tity of  storm- water  falling  in  one  hour,  supposing  it  so  to  M 
when  the  house  drainage  also  furnishes  the  greatest  volume. 
The  soil  upon  which  a  town  is  built  may  inflaence  the 
character  to  be  given  to  its  drainage,  either  as  it  may  &voar 
or  impede  the  transmission  of  what  are  called  land  springs. 
Thus  in  many  parts  of  London,  and  also  in  the  town  of 
Southampton,  there  exist  small  elevations,  the  surface  of 
which  consists  of  an  impermeable  brick  earth,  lying  npon  a 
stratum  of  gravel  and  sand,  this  last  again  capping  the  stiff 
blue  clay  known  as  the  London  clay.  In  many  other  eases 
the  upper  stratum  of  brick  earth  is  wanting,  and  the  gravel 
forms  the  immediate  surface  stratum ;  whilst  in  others,  again, 
both  are  wanting,  and  the  London  clay  is  entirely  exposed. 
The  drains  and  sewers  to  be  laid  in  between  the  points  b  and 


Fig.  295.— Influence  of  Soil  on  Drainage. 

c,  of  such  a  formation  as  is  represented,  need  not  be  made  of 
a  greater  capacity  than  is  required  to  remove  the  snr&ce  or 
the  house  waters  supplied  by  the  district ;  but  those  to  be 
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laid  between  c  and  d,  and  still  more  those  between  d  and  e, 
mast  be  able  to  receive  the  waters  filtering  through  the  bed 
of  gravel.  Near  London,  the  exposed  surface  of  gravel  is 
generally  so  small  that  the  water  yielded  by  it  does  not 
require  to  be  taken  into  account ;  because  the  dimensions 
given  to  the  sewers  to  enable  them  to  carry  off  storm- waters 
are  more  than  sufficient  to  relieve  the  strata  traversed  by  these 
springs,  which  are  necessarily  characterized  by  a  certain  degree 
of  regularity  in  their  flow.  At  Southampton,  however,  the 
extent  of  superficial  gravel  is,  proportionally,  infinitely  greater ; 
and  it  is  found  that,  after  a  continuance  of  wet  weather,  the 
whole  of  the  lower  portions  of  the  gravel  become  charged 
with  water  to  such  an  extent  as  to  inundate  all  the  basements 
below  the  level  of  the  natural  ground,  unless  where  large 
sewers  are  formed,  so  as  to  intercept  the  flow  of  the  subter- 
ranean waters. 

In  some  parts  of  Paris  the  same  phenomena  occur  upon  a 
larger  scale  and  with  greater  regularity  than  in  the  cases  above 
cited.  There  a  considerable  portion  of  the  city  is  built  upon 
what  formerly  constituted  a  marshy  plain,  between  the  river 
and  the  hills  of  Belleville  and  Montmartre.  The  lowlands 
are  situated  upon  a  calcareous  formation,  called  geologically 
<'  the  lower  fresh- water  limestone,"  which  allows  the  water 
to  infiltrate  with  great  difficulty ;  and  the  several  hill-sides 
are  successively  formed  of  the  gypseous  deposits,  with  their 
associate  marls,  capped  by  a  deep  stratum  of  sand  and  sand- 
stone, occasionally  covered  by  the  upper  fresh-water  limestone. 
In  the  direction  towards  Belleville  the  sands  occupy  a  consi* 
derable  breadth  of  country,  and  receive  a  copious  supply  of 
water  during  the  rainy  seasons.  At  the  same  time  the  various 
hills  present  steep  escarpments,  so  that  the  storm- waters, 
falling  upon  them,  flow  away  with  great  rapidity.  It  follows, 
from  these  combined  circumstances,  that  in  order  to  obviate 
any  inconvenience  from  these  respective  sources,  the  inter- 
cepting culvert,  executed  along  the  line  of  greatest  depression, 
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has  been  formed  of  much  larger  dimensions  than  the  area  it 
immediately  drains  would  appear  to  require,  without,  how- 
ever, preventing  the  occasional  flooding  of  the  lower  parts  of 
this  quarter  of  Paris. 

If  the  geological  structure  of  the  soil  of  a  town  in  some 
cases  appear  thus  to  increase  the  difficulties  connected  with 
its  sewerage,  there  may  be  others  in  which  it  produces  pro- 
cisely  opposite  results,  so  far  at  least  as  the  removal  of  sur- 
face waters  are  concerned.  Thus,  in  Weymonth,  the  portion 
of  the  town  constituting  the  ancient  borough  of  Meleombe 
Regis,  is  constructed  upon  what  is,  in  fact,  the  shingle  bar 
thrown  across  the  mouth  of  the  Wey.  All  that  is  required, 
then,  to  remove  the  surface  waters  is  to  form  openings 
through  any  paved  roads  or  courts— absorbing  wells,  in  &et 
— and  the  waters  immediately  sink  to  the  level  of  the  sea. 
In  some  parts  of  Liverpool,  also,  advantage  is  taken  of  the 
absorbent  nature  of  the  gravel  to  allow  the  surface  waters 
to  soak  into  it ;  for  the  drains  are  occasionally  executed  in 
the  lower  portion  of  bricks  laid  dry,  whilst  they  are  only  set 
in  mortar  in  the  upper  portion. 

The  configuration  of  a  district,  meaning  by  that  term  the 
general  conditions  of  its  division  into  subordinate  districts  of 
hill  and  dale,  will  also  influence  the  system  of  sewerage  to  be 
adopted,  insomuch  as  it  may  affect  the  number,  dimension, 
and  direction  of  the  main  sewers.  New  and  distinct  outfalls 
may  be  required  for  the  several  portions,  and  frequently, 
according  to  the  final  mode  of  disposing  of  the  sewage,  dis- 
tinct establishments  may  be  required  for  its  preparation. 

The  influence  of  the  outfall  is  very  great,  for  it  may  easily 
be  conceived,  that  if  a  system  of  sewerage  be  made  to  dis- 
charge into  a  watercourse  flowing  always  in  one  direction, 
as  in  the  case  of  all  cities  situated  upon  rivers  above  the 
tidal  range,  provided  the  outlet  be  so  situated  as  to  insnre  a 
constant  floW)  no  necessvly  cOiXL  e^dal  €qt  providing  against  an 
Acoamolation  of  the  aewa^^  Nq«A.ct%»   "fc^N.  m  >a.^^  tw^t^^^ 
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frequently  will  occnr  that  the  mouths  of  the  sewers  will 
be  blocked  up  by  the  rise  of  the  tide  for  intervals,  varjring 
of  course  with  the  peculiar  laws  of  the  tides  of  the  precise 
locality,  and  with  the  levels  of  the  mouths.  It  becomes 
necessary  in  such  cases  to  construct  the  lower  ends  of  sewers 
so  discharging  of  sufficient  size  to  admit  of  their  containing 
the  waters  at  any  time  likely  to  flow  into  them  during  the 
intervals  of  their  suspended  discharge;  and  also  to  make 
them  of  sufficient  strength  to  resist  the  hydrostatic  pressure 
of  any  accumulation  in  their  more  elevated  portions.  It  is 
to  be  observed,  that  the  above  reasoning  only  applies  in  those 
instances  where  the  sewage  is  poured  into  the  rivers  directly, 
without  being  in  any  manner  usefully  applied,  either  in  the 
arts  or  in  agriculture.  ^ 

The  quantity  of  storm-waters  flowing  from  any  given 
district  within  a  given  time,  has  frequently  been  alluded  to 
as  one  of  the  most  important  elements  in  the  determination 
of  the  size  of  the  sewers.  It  is  naturally  very  variable,  not 
only  according  to  the  latitude  of  the  localities  considered,  but 
also  according  to  particular  seasons  of  the  year :  it  depends, 
in  fact,  upon  the  frequency  and  the  violence  of  sudden  atmo- 
spheric changes,  rather  than  upon  the  average  state  of  the 
weather ;  and,  as  the  sewers  must  be  constructed  so  as  to 
carry  off  the  maximum  rain-fall,  the  ascertaining  accurately 
what  the  latter  may  be  is  an  indispensable  condition  for  the 
determination  of  their  capacity. 

The  average  distribution  of  rain  in  different  localities  has 
already  been  treated  in  a  sunmiary  manner.  It  may 
suffice,  then,  at  present,  to  observe  that  torrential  rains 
occur  with  the  greatest  frequency  in  countries  near  the 
tropics,  but  that  higher  latitudes  are  by  no  means  exempt 
from  them.  At  Home,  where  the  average  annual  fall  is 
about  2  feet  8  inches,  showers  have  been  observed  of  17 
hours'  duration,  with  a  total  fall  of  not  less  than  6  inches. 
At  MaraeUles,  in  a  shower  of  14  Yio\ix%'  ^\a^^i<^Ti^^!^  x^^^^^ 
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of  rain  have  fallen ;  and  at  Aries,  in  12  hours,  nearly 
8  inches.  At  Southampton,  the  greatest  fall  which  has 
heen  noticed  is  about  2  inches  in  10  hours ;  whilst  in  Lon- 
don as  much  as  6  inches  of  rain  have  fallen  in  1)^  hour. 
The  latter  observation  would  appear  to  have  been  influenced 
by  some  very  exceptional  phenomenon,  perhaps  of  the  cha- 
racter of  a  waterspout ;  but  it  appears,  from  namerons  other 
observations  in  England,  that  storms  of  a  similar  nature  to 
that  mentioned  as  observed  at  Southampton,  are  of  suffi- 
ciently frequent  occurrence  to  justify  the  assertion  of  the 
rule,  that  '*  when  sewers  are  constructed  to  carry  off  storm- 
waters,  they  should  be  of  a  capacity  to  discharge  a  proportion 
of  a  4-inch  rain  fall  in  24  hours,  varying  according  to  the 
character  of  the  district/' 

The  proportion  so  flowing  into  the  sewers  will  depend 
upon  whether  the  district  be  rural  or  urban  ;  and,  in  the 
latter  case,  upon  its  configuration  and  the  degree  of  per- 
meability of  the  soil.  It  is  usually  calculated,  that  in  the 
open  country  about  |rd  of  the  rain-fall  finds  its  way  directly 
into  the  natural  watercourses ;  in  ordinary  country  towns 
about  }rds  are  estimated  to  flow  at  once  into  the  sewers ; 
and,  perhaps,  in  large  densely-populated  towns,  it  would  he 
safer  to  calculate  upon  Jths  of  that  quantity  as  likely  to  reach 
them. 

If  a  demand  existed  for  the  application  of  sewage  manure 
to  agricultural  purposes,  and  if  a  sufficiently  copious  house- 
hold supply  existed  to  insure  the  flushing  of  the  drains,  it 
would  unquestionably  be  preferable  to  keep  the  two  classes 
of  sewage  distinct,  because  the  casual  introduction  of  large 
quantities  of  storm  water  must  superinduce  an  irregularity 
in  the  quality  of  the  sewage,  which  could  not  fail  to  be 
prejudicial  to  its  application.  Unfortunately,  there  appear 
to  be  difficulties  attending  this  practical  application,  at  least 
in  the  present  state  oi  CLgcicxAVaT^V  ^xid  «iig,ineering  science ; 
and,  notwithsian^g  ib^  V>o\^  «bWi«iM\wi'&  ^"^  ^^tsm^  T&sA^^n^ 
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anthorities,  who  from  their  position  might  fairly  have  heen 
expected  to  exercise  greater  reserve  and  discretion,  all  the 
attempts  to  apply  liquid  sewage  manure  have  been  hitherto 
most  signal  economical  failures.  The  separation  of  the  two 
classes  would  produce  in  many  cases  an  additional  advantage, 
from  the  fact  of  the  smaller  sectional  area  required  for  the 
sewers,  and,  consequently,  from  the  increased  fall,  or,  where 
that  could  not  be  obtained,  from  the  greater  elevation  at 
which  the  outlet  might  be  established. 

The  form  to  be  given  to  sewers  may  sometimes  require  to 
be  different  from  what  it  is  at  others,  owing  to  the  necessity 
which  may  exist  to  visit  and  cleanse  those  which  have  not 
either  a  sufficient  fall  or  a  sufficiently  copious  supply  of  water 
to  keep  themselves  clear.  The  only  invariable  rule  to  be 
laid  down  upon  this  subject  is,  that  **  the  wet  contour  should 
be  made  to  bear  the  smallest  possible  proportion  to  the 
sectional  area,"  for  the  simple  reason  that  the  friction  is 
always  in  the  direct  ratio  of  the  surface  upon  which  it  acts. 
It  follows  that,  wherever  it  is  possible  so  to  execute  them, 
sewers  should  be  made  of  a  circular  section.  For  house 
sewers  there  can  be  no  difficulty  on  this  score,  because  the 
introduction  of  the  tubular  drains  has  furnished  not  only  the 
most  efficient,  but  the  most  economical,  means  of  execution. 
The  only  remark  which  appears  to  be  required  on  this  sub- 
ject appears  to  be  that,  at  the  present  day,  the  tendency  is  to 
execute  them  too  small ;  and  that  there  is  danger  of  their 
choking  if  used  of  less  than  4  inches  in  diameter.  For 
secondary  main  drains  the  same  system  of  tubes  may  be 
applied  to  a  certain  extent ;  but  whem  the  length  becomes 
considerable,  there  will  be  found  so  many  probabilities  of  ob- 
struction, and  so  great  danger  from  the  accumulation  of  gas 
evolved  from  the  water,  that  it  is  very  questionable  whether 
tubes  should  ever  be  used  without  the  formation  of  side  en- 
trances for  their  examination  and  repair  at  maximum  distances 
of  ^th  of  a  mile,  or  without  frequent  o^i^oi\.xni>NA»^  ^\  ^<c^\s^- 
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munication  with  the  atmosphere.  Contrary  to  the  fashion- 
able theory,  it  may  perhaps  be  more  advisable  to  constraet  a 
main  drain,  intended  to  receive  several  secondary  mains  of 
sufficiently  large  sectional  area  to  allow  of  its  being  visited 
and  repaired  without  entailing  the  necessity  for  opening  the 
ground.  The  form  of  main  sewers  adopted  in  different 
countries  varies,  as  may  be  seen  from  the  annexed  sketches, 


Rg.  296.  Sewers.  Fig.  297. ' 

of  which  Fig.  296  represents  the  section  of  the  main  sewers 
used  in  Paris  ;  Fig.  297  represents  the  section  lately  adopted 
in  our  own  metropolis.  The  former  is  more  convenient  for 
the  operations  of  workmen,  while  the  latter  is  certainly  less 
likely  to  require  cleansing,  because  the  scouring  action  of 
the  water  is  made  to  operate  more  forcibly  upon  the  materials 
brought  into  the  sewers. 

Whatever  be  the  form  of  sewer  adopted,  the  dimensions 
should  always  be  calculated  so  that  it  should  be  able  to 
discharge  the  maximum  quantity  it  can  ordinarily  receive 
without  being  more  than  half  full.  The  inclination  to  be 
given  to  house  sewers  should  be,  at  the  minimum,  1  in  144, 
or  1  inch  in  12  feet ;  that  to  be  given  to  submains,  also  at  the 
minimum,  1  in  480,  or  1  inch  in  40  feet ;  whilst  the  inclina- 
tion to  be  given  to  main  drains  may  occasionally  be  carried 
as  far  as  1  in  2800,  although  it  is  decidedly  preferable  to 
keep  within  the  limiia  oi  1  m  \Q^«  1^VVQL\i<^tions  should  be 
made  bo  that  the  axea  oi  Vii^  B^kCiOTA^r^  %«^«i^  ^^\^\«^ 
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portions  of  circles  tangential  to  the  axes  of  the  main  sewers, 
and  of  the  largest  radius  it  is  possible  to  obtain.  Side 
entrances  should  be  formed  as  closely  as  possible  to  the 
points  of  intersection  of  the  respective  sewers. 

The  collection  and  disposal  of  sewage  must  evidently,  from 
what  has  been  said  before,  be  entirely  guided  by  the  demand 
for  the  materials  so  obtained ;  and,  hitherto,  they  have  all 
been  wasted  in  England.  This  is  the  more  to  be  regretted, 
because  in  France,  Germany,  Belgium,  and  Italy,  the  manure 
so  allowed  to  run  to  waste  in  England  is  found  to  be  highly 
beneficial,  and  in  our  own  country  all  manures  are  expensive. 
Near  Edinburgh  some  attempts  have  been  made  to  apply 
the  sewage,  by  irrigating  meadows  with  the  water  from 
sewers,  yet  the  results  there  obtained  are  flEir  from  such  as 
are  likely  to  guide  us  in  the  selection  of  any  general  course 
of  proceeding.  The  mode  of  application  at  Edinburgh  is 
stated,  in  fact,  to  be  very  objectionable,  on  account  of  the 
foul  smell  given  ofif;  and  it  is  also  to  be  observed,  that  it 
rarely  happens  that  any  extent  of  meadow  land  can  be  found 
near  large  towns  under  the  necessary  conditions  of  level  to 
allow  of  a  similar  application  by  mere  gravitation.  Fairly, 
the  disposal  of  sewage  is  the  great  problem  still  to  be 
resolved  by  all  parties  connected  with  this  branch  of  engi- 
neering ;  the  very  injudicious  assertions  of  the  advocates  of 
certain  theories  have  hitherto  only  indbposed  the  public 
mind  to  its  examination. 

In  the  case  of  Edinburgh,  the  storm  and  house  waters 
were  conducted  together  upon  the  meadows  irrigated  by  the 
sewers.  It  was  found,  however,  that  there  was  too  much 
manure  in  the  contents  of  the  latter,  and  it  became  necessary 
to  form  catch-ponds,  in  order  to  enable  it  to  deposit ;  and 
it  must  be  borne  in  mind,  that  in  the  days  when  these  ponds 
were  formed  (1829),  the  habits  of  the  Scotch  people  were 
not  such  as  to  cause  the  bulk  of  the  house  manure  to  find 
its  way  into  the  sewers.   The  grass  &om  IViei^fe  \as»&>sy^^^'5>^ 
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cat  from  four  to  six  times  a  year,  a  result  so  little  sorpassiiig 
what  might  have  been  obtained  by  ordinary  irrigation,  thit 
there  is  little  reason  to  induce  any  person  to  incur  a  large 
outlay  in  order  to  obtain  similar  privileges.  In  the  neigh- 
bourhood of  Milan  nearly  the  same  results  were  obtainedi  for 
the  waters  of  the  Naviglio  Grande,  which  receive  the  small 
quantity  of  house  sewage  continental  habits  allow  to  flow 
into  watercourses,  were  found  to  be  too  rich  at  first,  and 
after  deposition  not  to  produce  much  greater  results  than 
those  derived  from  any  other  stream,  so  &r,  at  least,  as  grass 
lands  were  concerned.  Upon  com  lands,  the  application  of 
the  comparatively  highly -diluted  manure  of  sewers  seems  to 
be  of  very  questionable  advisability,  whilst,  at  the  same  time, 
it  is  to  be  observed,  that  the  price  of  land  in  the  immediate 
neighbourhood  of  largo  towns  rarely  allows  of  the  cultivation 
of  what  may  be  called  bulky  crops. 

It  appears  that  the  common  sense  of  the  disposal  of  sewage 
matters  consists  in  obtaining  the  deposition  of  the  fertilising 
properties  they  may  possess,  and  in  securing  them  in  the 
most  portable  form.  The  great  difficulty  to  be  overcome  lies 
in  the  ammoniacal  salts,  which  no  system  hitherto  proposed 
has  succeeded  in  obtaining  in  a  permanent  form.  The  use  oi 
lime  water  may  cause  the  precipitation  of  organic  matter, 
but  the  salts  of  ammonia  in  sewage  water  usually  exist  in  the 
condition  of  the  carbonate,  and  there  is  not  a  sufficiently 
preponderating  affinity  between  the  lime  and  the  carbonic 
acid  gas  to  cause  the  latter  to  quit  its  combination  with  the 
ammonia  to  join  the  lime.  Perhaps  the  use  of  the  sulphate 
of  limo  or  the  sulphate  of  iron  might  be  attended  with  more 
satisfactory  results. 

In  France,  the  system  adopted  in  dealing  with  the  whole 

question  of  sewage  of  towns  is  to  separate  the  rain   and 

surface  waters  from  those  derived  from  water-closets.     The 

htter  description  oi  6eN9^<&  ^&  collected  in  cesspools,  made 

AS  impermeable  aa  poa^vVA^)  vn^  itQiTii^\i\Osi>^»\&  ^^^^c^s^i^ 
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wheDever  required ;  or  it  is  collected  in  large  casks  placed 
in  cellars  and  communicating  with  the  soil  pipes.  The  con- 
tents of  these  different  descriptions  of  cesspools  are  carried 
to  large  lay  stalls  at  Montfaucon  and  Bondy,  and  allowed  in 
the  former  to  settle  in  vast  basins  or  reservoirs,  two  in 
namber,  with  a  close  dam  between  them,  so  that  one  may  be 
used  whilst  the  other  is  being  emptied.  The  liquid  upon  the 
top  of  these  reservoirs  is  drawn  off  by  sluices,  and  passes 
successively  into  not  less  than  seven  other  basins,  in  which  it 
is  treated  in  various  manners,  for  the  purpose  of  causing  the 
deposition  of  any  matters  in  suspension.  The  area  of  the 
upper  reservoir  is  about  equal  to  2^  acres  superficial,  with  a 
depth  of  about  12  feet ;  the  area  of  the  lower  reservoirs  is 
about  equal  to  18^  acres.  From  the  last  of  these  the  waters 
are  allowed  to  escape  into  the  main  sewer  running  through 
the  lowlands  at  the  foot  of  Montmartre.  At  Bondy,  the 
system  of  dealing  with  the  manure  is  in  principle  similar  to 
that  employed  at  Montfaueon ;  and  in  both,  the  solid  matters 
deposited  at  the  bottoms  of  the  reservoirs  are  placed  in  the 
open  air  to  dry  into  powder  before  being  used. 

Such  also  is  the  mode  of  dealing  with  sewage  in  use 
nearly  all  over  the  Continent,  and  to  a  certain  extent,  far  too 
great,  even  in  our  own  country.  Anything  more  economically 
absurd,  or  more  injurious  to  public  health,  it  would  be 
difficult  to  imagine  ;  and,  excepting  that  some  use  is  made  of 
the  manure,  the  whole  system  may  be  cited  only  as  a  model 
to  be  avoided.  Cesspools  are  always  objectionable,  because 
they  retain  a  permanent  source  of  infection,  wherever  and  how- 
ever constructed.  The  operation  of  cleansing  them  is  always 
disgusting  and  injurious,  whilst  the  foul  exhalations  from  the 
depositing  reservoirs  contaminate  the  air  to  a  great  distance 
around.  Add  to  this,  that,  in  the  operation  of  drying  the  de- 
posit, the  volatile  salts,  in  fact  the  most  valuable,  escape,  and 
our  surprise  will  be  increased  when  we  reflect  that  such  mon- 
strous nuisances  should  be  retained  in  any  civiU&^d.  c^yoDOUQ 
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[The  most  generally  approved  form  of  aeeondaiy  brick 
sewers  is  of  the  type  illustrated,  Fig.  298,  the  design  of  which 


Fig.  2i)8.— General  type  of  Sewer. 

is  obvious.  The  main  outlet  sewer  at  West  Ham,  Fig.  299, 
4^  feot  high  and  8  foot  wide,  was  constructed  with  a  cast- 
iron  invert,  for  a  length  of  about 
half  a  mile,  at  the  level  of  low- 
water  spring  tides,  and  then  for 
2^  miles,  with  a  fall  of  8  feet 
per  mile.  The  outlet  into  the 
Thames  is  obtained  by  pumping. 
The  surface  of  the  ground  under 
which  the  sewer  was  laid  varies 
from  10  to  12  feet  below  high- 
water  level ;  and  the  subsoil  was 
so  porous  hat  tho  water  could 
not  be  pumped  below  the  level 
shown  in  the  section.  Fig.  299. 
Consequently,  an  iron  invert  was  do\  i^ed,  upon  which  cement 
blocks  were  laid  to  above  the  water-line.  The  other  por- 
tions were  built  in  the  oidiiiar^  mvjiXLcx. 


iimiiii  <oiiiT 
Fig.  299.— Outlet  Sewer,  West  Ham. 
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Jnnctions  of  eewers  Hhonld  be  fonoed  at  acnte  angles,  in 
order  that  the  eombinmg  currents  may  not  baffle  each  other.  A 
jnnction  ia  illnstrated  in  Figa.  300.  It  U  so  constmcted  with  a 
cast-iron  gate  that,  for  pnr-  _ 

poses  of  flushing,  the  sew- 
age may  be  tamed  into  any 
Bewer,  or  special  series  of 
Bewere.  Placed  immediately 
tinder  a  manhole,  the  eewer 
may  be  rendered  eelf-clean- 
eing.  The  flushing  gate  is 
only  16  inches  deep,  ajid  it 
answers  the  purpose  of  an 
overflow  weir,  preventing 
the  sewers  doriug  floods 
from  being  subjected  to 
pressore,  by  allowing  the 
Burplns  to  flow  into  Bubsi 
dnary  ontlete,  and  so  equal- 
ising the  flow  of  water. 

It   ia  dangerous   to    lay 
down  a   system   of  sewers 
over  the  whole  of  a  town 
without,   in    the    first    in- 
stance, providing,  as  part  of  the  scheme  for  the  fnllest  and 
freest  ventilation,  though  it  is  ge 
nerally  most  needed  at  the  npper 
and  hi^er  levels. 

In  Dundee,  the  gases  of  sewers 
are  prevented  from  e  scaping  through 
the  gnllies  by  valves  made  of  atone. 
Fig.  801,  hong  with  copper  links  oi 
one  side  of  a  small  oeeapool.  The 
bottom  of  the  cesspool  is  10  incbea  ^a  aoi  -OoUr  tnp,  mmiiM. 
below  the  valve -opening ;  and  idIlieftiTymaMubT%,wu^%&%*^' 
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and  stones,  arc  prevented  from  entering  the  sewers.     These 
gully -drains  are  meant  for  the  reception  of  rain-water  only. 

At  Newport,  where  the  sewers,  near  two  of  the  outlets, 
have,  for  a  period  of  three  hoars  at  spring  tides,  to  act  as 
reservoirs,  ventilation  is  effected  by  a  large  nnmber  of  man- 
holes  and  ventilators  combined.     Each  manhole,  Fig.  802, 


^SPii^S^SS 


Fig.  802.— Ventilation  of  Sewers,  Newport. 

consists  of  a  square  shaft  carried  np  from  the  sewer  to  near 
the  surface,  and  covered  by  a  flagstone,  and  by  a  layer  of 
macadam.  Close  to  the  shaft  a  small  cess  is  constructed  of 
brickwork  in  cement,  with  a  flagstone  bottom,  and  a  9-inch 
stoneware  pipe  is  laid  from  the  side  of  the  cess,  6  inches 
above  the  bottom,  through  the  brickwork  to  the  shaft ;  the 
cess  is  covered  by  a  strong  iron  grating.  The  gully-grates 
for  street  drainage,  Fig.  808,  are  of  oast  iron,  21  inches  by 
17  inches  at  the  surface,  hinged  and  slightly  concave  in  the 
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line  of  the  ban,  with  a  vertioal  flange,  which,  with  the  stone 

and  brickwork  in  cement  of  the 

ceea,  for  catching  the  silt,  over 

which   it    is   placed,  forma    a 

water- trap     for    efBnvia.       A 

6- inch    pipe    is    laid    to    the 

sewer. 

The  flyBtem   of  yentilation 
adopted  by  Mr.  Rawlinson  ia       P'b- <»8.-G«u,*.p.  N.nrp.ri. 
shown  in  Fig.  806.   The  manhole  abaft  is  doaed  with  a  man- 
hole cover,  by  removing  which  acceaa  may  be  had  to  the 


Tie-  9M.— TcutilaUon  of  Bnnn,  b;  M 

shall  when  desired.  The  eewer-gas  is  oompalled  to  rise 
through  two  or  more  charcoal  screens  or  filters  before 
passing  into  the  ventilating  chamber.  By  a  slide  at  the 
bottom  of  the  chamber,  deposit  can  b«  removed.  A  modi- 
fication of  this  system  is  shown  in  Fig.  304. 
o  0  2 
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A  simple  and  efficient  form  of  street  gully-trap  used  at 
Preston  is  shown  in  Fig.  806. 


/:  HL. 


Fig.  306.— QuUy-trap,  Preston. 

The  Main  Dbainage  of  London. 

[The  works  for  the  main  drainage  of  London,  constmcted 
to  the  plans  of  Sir  Joseph  W.  Bazalgette,  the  engineer,  were 
commenced  in  1859,  and  were  practically  completed  and  in 
operation  in  1865.  The  objects  sought  to  be  attained  were, 
the  interception  of  the  sewage,  as  far  as  was  practicable,  by 
gravitation,  together  with  so  much  of  the  rainfall  as  could 
be  reasonably  dealt  with,  so  as  to  divert  it  from  the  river 
Thames  near  London;  the  substitution  of  a  constant  flow 
instead  of  an  intermittent  flow  in  the  sewers ;  the  abolition 
of  stagnant  and  tide-locked  sewers,  with  their  consequent 
accumulations  of  deposit;  and  the  provision  of  deep  and 
improved  outfalls  for  the  extension  of  sewerage  into  districts 
previously,  for  want  of  such  outfalls,  imperfectly  drained. 

New  lines  of  sewers  were  laid  at  right  angles  to  the  pre- 
viously existing  sewers,  which  conducted  the  sewage  direct 
to  the  river.  The  new  sewers  were  laid  a  little  below  the 
levels  of  the  old  sewers,  so  as  to  intercept  their  contents  and 
convey  them  to  an  outfall  14  miles  below  London  Bridge. 
For  such  of  the  sewage  as  could  not  be  carried  away  by 
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gravitation,  a  constant  discharge  is  effected  by  pamping.  At 
the  outlets,  the  sewage  is  delivered  into  reservoirs  situated  on 
the  banks  of  the  Thames,  placed  at  such  a  level  as  enables 
them  to  discharge  into  the  river  at  about  the  time  of  high 
water.  By  this  arrangement,  the  sewage  is  not  only  at  once 
dilated  by  the  large  volume  of  water  in  the  Thames  at  high 
water,  but  is  also  carried  by  the  ebb  tide  to  a  point  in  the 
river  26  miles  below  London  Bridge ;  so  that  its  return  by  the 
following  flood  tide  within  the  metropolitan  area  is  effectually 
prevented. 

In  answer  to  the  question.  What  is  a  sufficient  velocity  of 
flow  in  order  to  prevent  deposits  in  pipes  and  sewers.  Sir 
Joseph  Bazalgette  adopted  as  the  minimum  velocity  of  flow 
in  the  sewers  a  speed  of  1^  mile  per  hour  in  a  properly  pro- 
tected  main  sewer.  This  rate  of  speed  he  considered  to  be 
sufficient  when  the  sewer  runs  half  full,  more  especially  when 
the  contents  have  previously  passed  through  a  pumping 
station. 

To  estimate  the  fall  necessary  to  conmiunicate  the  velocity 
of  1^  mile  per  hour  in  a  sewer,  it  is  necessary  to  ascertain 
the  quantity  of  sewage  to  be  carried  off.  This  quantity  varies 
but  little  from  the  water-supply  with  which  a  given  popula- 
tion is  provided ;  for  that  portion  which  is  absorbed  and 
evaporated  is  compensated  for  by  the  dry-weather  under- 
ground leakage  into  the  sewers.  It  was  ascertained  that  a 
district  of  average  density  of  population,  when  wholly  built 
upon,  contained  80,000  people  to  the  square  mile ;  and,  in 
districts  containing  that  number,  or  more  than  that  number, 
of  people  to  the  square  mile,  the  actual  numbers  were  ascer- 
tained and  provided  for ;  but,  in  districts  where  the  population 
was  below  that  number,  provision  was  made  for  an  increase  of 
population  up  to  80,000  people  to  the  square  mile,  except 
over  the  outlying  districts,  where  provision  was  made  for  a 
population  of  only  20,000  to  the  square  mile.  Now,  an  im- 
proved water-supply,  at  the  rate  of  6  cubic  feet,  or  81} 
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gallons,  per  head  for  such  contemplated  increased  population 
has  been  anticipated. 

Experience  has  shown  that  sewage  is  not  discharged  into 
the  sewers  at  a  uniform  rate  daring  the  twenty-four  hours, 
nor  even  throughout  the  day.  Taking  a  liberal  margin  beyond 
the  results  of  actual  measurements,  provision  was  made  for 
one-half  of  the  sewage  to  flow  off  within  six  hours  of  the 
day.  Thus  the  maximum  quantity  of  sewage  ever  likely  to 
enter  the  sewers  at  various  parts  of  the  metropolis  was 
arrived  at. 

But  the  rain-fall  was  also  to  be  provided  for.  Taking  an 
average  of  several  years,  it  was  ascertained  that  there  were 
about  155  days  per  year  on  which  rain  falls  in  the  metropolis. 
Of  these,  there  are  only  25  days  on  which  the  quantity 
amounts  to  i  inch  in  depth  in  the  course  of  twenty-four 
hours,  or  the  lit^th  part  of  an  inch  per  hour,  if  spread  uni- 
formly over  an  entire  day.  Of  such  rain-falls,  a  large  propor- 
tion is  evaporated  or  absorbed,  and  either  does  not  pass 
through  the  sewers  or  does  not  reach  them  until  long  after 
the  rain  has  ceased.  It  was  concluded  by  the  engineers 
appointed  to  inquire — Messrs.  Bidder,  Hawksley,  and  Bazal- 
gette — :"  that  the  quantity  of  rain  which  flowed  off  by  the 
sewers  was  in  all  cases  much  less  than  the  quantity  which 
fell  on  the  ground;  and  although  the  variations  of  atmo- 
spheric phenomena  are  far  too  great  to  allow  any  philoso- 
phical proportions  to  be  established  between  the  rain-fall  and 
the  sewer  flow,  yet  we  feel  warranted  in  concluding,  as  a 
rule  of  averages,  that  J  of  an  inch  of  rain-fall  will  not  con- 
tribute more  than  i  of  an  inch  to  the  sewers;  nor  a  fall 
of  -i\  of  an  inch  more  than  :l  of  an  inch.  Indeed,  we  have 
recently  observed  rain-falls  of  very  sensible  amounts  failing 
to  contribute  any  distinguishable  quantity  to  the  sewers.**  A 
quantity  equal  to  lixr  iuch  per  hour,  or  J  inch  in  twenty -four 
hours,  running  into  the  sewers  would  occupy  as  much  space 
as  the  maximum  prospective  flow  of  sewage  provided  for ;  so 
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that,  if  that  qoantity  of  rain  were  included  in  the  interceptix^ 
sowers,  they  would,  daring  the  six  hoars  of  maximnm  flow, 
he  filled  with  an  equal  yolame  of  sewage,  and  daring  the 
remaining  eighteen  hours  additional  space  would  be  reserved 
for  a  larger  quantity  of  rain.  It  was,  then,  considered  pro- 
bable that  if  the  sewers  were  made  capable  of  carrying  off  a 
volume  equal  to  a  rain-fall  of  i  inch  per  day,  during  the  six 
hours  of  the  maximum  flow,  there  would  not  be  more  than 
twelve  days  in  a  year  on  which  the  sewers  would  be  over- 
charged, and  then  only  for  short  periods  during  such  days. 
Overflow- weirs,  to  act  as  safety-valves  in  times  of  storm, 
have  been  constructed  at  the  junctions  of  the  intercepting 
sewers  with  the  main  valley  lines.  On  such  occasions  the 
water  is  largely  diluted,  and  after  the  intercepting  sewers 
are  filled  they  flow  over  the  weirs,  and  through  their  original 
channels  by  the  old  sewers,  into  the  Thames. 

That  the  sewage  should  be  removed,  as  much  as  prac- 
ticable, by  gravitation,  so  as  to  reduce  the  quantity  of  pump- 
ing to  a  minimum,  three  lines  of  sewers,  in  the  nature  of  the 
catch-water  drains  familiar  in  the  fen  districts,  were  con- 
structed on  each  side  of  the  river,  called  respectively,  the 
High  Level,  the  Middle  Level,  and  the  Low  Level  Sewers. 
The  High  and  Middle  Level  Sewers  discharge  by  gravitation, 
and  the  Low  Level  Sewers  discharge  only  by  the  aid  of 
pumping.  The  three  lines  of  sewers  north  of  the  Thames 
converge  and  unite  at  Abbey  Mills,  east  of  London,  where 
the  contents  of  the  Low  Level  are  pumped  into  the  Upper 
Level  Sewer,  and  whence  the  aggregate  stream  flows 
through  the  Northern  Outfall  Sewer,  which  is  carried  on  a 
concrete  embankment  across  the  marshes  to  Barking  Creek, 
and  there  discharges  into  the  river  by  gravitation. 

On  the  south  side  the  three  intercepting  lines  unite  at 
Deptford  Creek,  and  the  contents  of  the  Low  Level  Sewer 
are  there  pumped  to  the  Upper  Level ;  and  thence  the  three 
oiiited  streams  flow  in  one  channel  through  Woolwich  to 
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Crossness  Point  in  Eriih  Marshes.  Here  the  full  volume  of 
sewage  can  flow  into  the  Thames  at  low  water,  but  it  is 
ordinarily  raised  by  pumping  into  the  reservoir  at  that 
outfall. 

The  form  adopted  for  the  intercepting  sewers  generally  is 
circular,  as  combining  the  greatest  strength  and  capacity 
with  the  smallest  amount  of  brickwork  and  the  least  cost. 
This  form  was,  otherwise,  practically  as  good  as  the  elliptical, 
seeing  that,  as  these  sewers  only  carry  ofif  1- 100th  of  an 
inch  of  rain  in  an  hour,  whilst  the  volume  of  sewage  passing 
through  them  is  at  all  times  considerable,  the  flow  through 
these  sewers  is  more  nearly  uniform  than  in  drainage  sewers 
constructed  to  carry  off  heavy  rain-storms.  In  the  minor 
branches,  for  district  drainage,  the  sewer  that  is  egg-shaped 
in  section,  having  the  narrow  part  downwards,  was  prefer- 
able, because  the  dry-weather  flow  of  the  sewage  being 
small,  the  greatest  hydraulic  mean  depth,  and  consequently 
the  greatest  velocity  of  flow  and  scouring  power,  is  made 
available  with  that  form  of  section  at  the  bottom,  at  the 
period  when  it  is  most  required ;  whilst  the  broader  section 
at  the  upper  part  affords  room  for  the  passage  of  the  storm- 
waters,  and  also  for  the  workmen  engaged  in  repairing  and 
cleansing. 

The  High  Level  Sewer  at  the  north  side,  commences  by  a 
junction  with  the  Fleet  Sewer  at  the  foot  of  Hampstead 
Hill.  It  passes  thence  across  Highgate  Boad,  Holloway 
Boad,  to  High  Street,  Stoke  Newington,  at  Abney  Park 
Cemetery;  thence  to  Church  Street,  Hackney,  under  the 
North  London  Bailway,  through  Victoria  Park,  under  the 
canal,  to  a  junction  with  the  Middle  Level  Sewer.  Up  to 
this  point  it  is  a  drainage  sewer — a  substitute  for  the  open 
Fleet  and  Hackney  Brook  main  sewers,  which  have  been 
filled  in  and  abandoned.  It  is  capable  of  carrying  off  the 
largest  and  most  sudden  falls  of  rain.  It  is  about  7  miles 
in  length,  and  it  drains  an  area  of  10  square  miles.     It  is, 
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for  the  most  part  of  its  length,  circular,  vaiying  in  dimen- 
sions from  4  feet  in  diameter  to  9i  feet  hy  12  feet.  It  falls 
at  rates  of  from  1  in  71  to  1  in  876  at  the  upper  end,  and 
4  feet  to  5  feet  per  mile  at  the  lower  end,  or  1  in  1,820  to 
1  in  1,056.  It  is  constnicted  of  stock-brick  work,  varying 
in  thickness  from  9  inches  to  27  inches,  and  the  invert  is 
lined  with  Staffordshire  bine  bricks,  in  order  to  withstand 
the  scour  arising  from  the  rapid  fall.  One  tunnel,  from 
Maiden  Lane  towards  Hampstead,  is  about  half  a  mile  long. 
Great  care  was  necessary  in  tunnelling  under  the  New  River, 
its  channel  being  on  an  embankment  where  it  intersects  the 
line  of  sewer  ;  also  under  the  Great  Northern  Railway,  at  a 
place  where  its  embankment  is  80  feet  high,  the  sewer  being 
7i  feet  in  diameter,  with  14  inches  of  brick.  Much  house 
property  was  successfully  tunnelled  under  at  Hackney.  One 
house,  adjoining  the  railway  station,  was  under-pinned  and 
placed  upon  iron  girders.  The  sewer,  9i  feet  in  diameter, 
was  carried  through  the  cellar  without  further  injury  to  the 
house.  The  sewer  is  carried  close  under  the  bottom  of  Sir 
George  Duckett's  Canal ;  there  is  only  24  inches  between 
the  bottom  of  the  canal  and  the  soffit  of  the  arch  of  the 
sewer.  The  bottom  of  the  canal  and  the  top  of  the  sewer 
are  here  formed  of  iron  girders  and  plates,  with  a  thin  coat- 
ing of  puddle.  The  whole  of  the  High  Level  Sewer,  including 
the  Penstock  chamber,  was  completed  in  May,  1861. 

The  Penstock  chamber,  at  the  junction  of  the  High  and 
Middle  Levels,  at  Old  Ford,  Bow,  is  160  feet  in  length, 
40  feet  in  breadth,  and,  in  places,  80  feet  high.  It  is  pro- 
vided with  five  large  iron  penstocks  worked  by  machinery, 
by  means  of  which  the  sewage  can  be  diverted  at  will,  either 
into  the  two  lower  channels  formed  for  the  discharge  of  the 
storm  waters  into  the  river  Lea,  or  into  the  two  upper 
channels  constructed  over  that  river,  and  forming  the  com- 
mencement of  the  Northern  Outfall  Sewer.  As  a  rule  the 
lower  channels  are  closed,  and  the  sewage  flows  through  the 
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two  npper  channels  to  Barking  Creek.  In  times  of  heavy 
rain,  when  the  water  rises  to  the  top  of  the  upper  channels, 
the  surplus  flows  over  five  weirs,  constructed  in  the  chamber, 
into  the  lower  channels,  and  discharged  bj  them  into 
the  Lea. 

The  Middle  Level  Sewer  commences  near  Harrow  Boad,  at 
Eensal  Green,  and  passes  into  Uxbridge  Boad  along  Oxford 
Street,  Hart  Street,  and  Liquorpond  Street,  and  across 
Clerkenwell  Green;  thence  by  Old  Street  to  Shoreditch, 
Bethnal  Green  Boad,  under  the  Begent*8  Canal  and  the 
North  London  Bailway,  to  join  the  High  Level  Sewer  at 
Bow.  A  branch,  4  feet  by  2  feet  8  inches,  is  carried  along 
Piccadilly,  with  a  fall  of  4  feet  per  mile;  passes  through 
Leicester  Square  and  Lincoln's  Inn  Fields  to  the  main  line 
at  King's  Boad,  Gray's  Inn  Boad.  The  main  line  is 
9i  miles  in  length,  and  the  Piccadilly  branch  is  2  miles ;  and 
there  are  minor  branches  and  feeders.  The  area  intercepted 
is  17i  square  miles  in  extent.  The  fall  of  the  main  sewer  is 
from  17i  feet  per  mile  at  the  upper  end,  and,  by  a  gradual 
reduction,  2  feet  per  mile  at  the  lower  end.  The  sectional 
dimensions  vary  from  4^^  feet  by  8  feet,  to  10^  feet  in  dia- 
meter, and  9i  feet  by  12  feet  at  the  outlet.  Six  miles  in 
length  were  constructed  by  tunnelling,  at  from  20  feet  to 
60  feet  underground.  The  sewer  is  carried  over  the  Metro- 
politan Bailway  by  a  wrought- iron  plate  aqueduct  of  150  feet 
span.  The  sewer  is  provided  with  storm  overflows  into  the 
river. 

The  Low  Level  Sewer,  besides  intercepting  the  sewage  from 
the  low-level  area  of  11  square  miles,  serves  also  as  an  out- 
let for  a  district  of  14^^  square  miles,  the  western  suburb  of 
London,  which  is  so  low  that  its  sewage  has  to  be  lifted  at 
Chelsea  a  height  of  17i  feet,  into  the  upper  end  of  the  Low 
Level  Sewer.  This  sewer  conmiences  at  the  Grosvenor  Canal, 
Pimlico,  and  passes  to  the  riverside  from  Yauxhall  Bridge. 
From  Westminster  Bridge   to  Blackfriars  it  forms   part   of 
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the  Thames  Embaakment,  Fig.  807 ;  thanoe,  Tuider  Qoeen 
Yiotoria  Street  to  Tower  Hill,  Mint  Street,  Gommerciid  Road, 
Bow  CommoD,  and  under 
the  river  Lea  to  Abbey 
Mills,  where  its  oontents  ars 
IHted  96  feet  by  steam  power. 
It  has  two  branches,  one  from 
HomertoD  and  one  from  the 
Isle  of  Dogs.  The  Isle  of 
Dogs  can  only  be  drained  by 
the  aid  of  pnmping.  The 
main  line  is  8^  miles  long, 
and  its  branches  are  4  miles 
long.  It  varies  in  aeotioii 
from  &i  feet  to  10^  feet  in  diameter.  Its  inclination  ranges 
from  2  feet  per  mile  to  8  feet  per  mile.  It  is  provided  with 
storm  overflows  iato  the  river. 

The  sewage  of  the  western  sabnrbs,  eompriaing  Hammer- 
smith, Fulham,  Chelsea,  Brompton,  Kensington,  and  other 
places,  is  conveyed  to  the  local  ontfall  at  Chelsea  through  ■ 
main  line  of  sewers  from  i  feet  by  2  feet  8  inches  to  4^  feet 
in  diameter,  with  a  fall  of  4  feet  per  mile  ;  with  branches  of 
from  3  feet  0  inches  by  2^  feet,  to  H  feet  by  3  feet.  The 
Chiswick  sewer  is  3^  miles  long;  the  Fatham  sewer  is 
1  mile  720  feet,  and  the  Acton  branch  is  1(  miles,  with 
minor  branches. 

The  northern  ontfall  sewer  is  a  work  of  peculiar  constmo- 
tioD  ;  for,  unlike  ordinary  sowers,  it  is  raised  above  the  groand 
by  an  embankment.  It  consists  of  two  brick  sewers  or  cnl- 
verts,  each  9  feet  by  9  feet,  side  by  side,  with  upright  sides, 
semicircular  crowns,  and  se^ental  inverts.  These  are  built 
upon  a  solid  coocrete  embankment,  carried  through  the  peat 
soil  np  from  the  gravel.  Concrete  is  also  carried  up  at  a  slope 
of  1  to  1,  so  03  to  foim  B.n  ».\)uUa«it  for  the  sides  of  the 
Tho  whole   Bltuctare  va  ai-^wai  ■m'Oo.  ^ 
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embankment.  The  **  line/*  as  it  may  be  called,  is  carried  by 
aqueducts  over  rivers,  railways,  streets,  and  roads.  The 
aqueducts  consist  of  two  wrought-iron  culverts  of  the  same 
section  as  the  brick  sewers,  upon  which  a  roadway  is  formed, 
with  parapet  wails,  the  whole  being  supported  by  three 
wrought-iron  girders.  From  the  Abbey  Mills,  three  parallel 
sewers  of  the  same  dimensions  as  those  just  noticed  are 
carried  to  the  outfall  at  Barking  Creek.  Gates  and  overflow 
weirs  are  formed  in  the  line  of  these  culverts,  enabling  the 
sewage  to  be  turned  into  either  or  all  of  them  at  will,  and 
preventing  any  one  from  being  at  any  time  overcharged.  For 
a  distance  of  about  1^  miles  at  the  lower  end  of  the  sewer, 
the  depth  of  peat  in  the  marshes  was  so  great  that,  instead 
of  carrying  up  a  solid  embankment,  the  sewer  was  carried 
on  piers  and  arches.  The  bank  is  40  feet  wide  at  the  top, 
and  is  in  some  places  25  feet  above  the  level  of  the  marshes. 

The  reservoir  at  Barking  is  16}  feet  deep,  in  four  com- 
partments, covering  an  area  of  9i  acres. 

At  the  south  side  of  the  river,  the  High  Level  Sewer  and 
its  Southern  Branch  correspond  with  the  High  Level  and  the 
Middle  Level  Sewers  on  the  north  side.  The  main  line  com- 
mences at  Clapham,  and  the  branch  line  at  Dulwich,  together 
draining  an  area  of  20  square  miles.  Storm-waters  are  dis- 
charged into  Deptford  Creek,  whilst  the  sewage  and  a  limited 
quantity  of  rain  flow,  by  four  iron  pipes,  8^  feet  in  diameter, 
laid  under  its  bed,  into  the  outfall  sewer.  The  two  lines 
come  together  in  the  New  Cross  Road,  at  the  branch  10  feet 
above  the  main  line.  They  come  to  a  level  at  Deptford 
Broadway. 

The  branch  is  4^  miles  in  length,  of  which  1,000  feet  were 
constructed  in  tunnel  at  depths  of  from  80  feet  to  50  feet.  It 
varies  from  7  feet  in  diameter  to  a  form  lOi  feet  by  lOi  feet, 
with  a  circular  crown  and  segmental  sides  and  inverts.  Its 
fall  varies  from  80  feet  per  mile  at  the  upper  end  to  2^  feet 
per  mile  at  the  lower  end. 


690  THE    RUDIMENTS  OF   CIVIL   ENGINEERING. 

The  main  line  varies  in  size  from  4|  feet  by  8  feet  at  the 
upper  end,  to  10^  feet  by  10^^  feet,  like  the  branch. 

The  outlets  of  the  two  sewers,  10^  feet  by  10^  feet,  are 
each  fitted  with  two  hinged  flaps,  one  above  the  other.  The 
lower  flap  is  usually  flxed  close,  so  as  to  form  a  dam  to  drive 
the  waters  through  the  iron  pipes  in  the  outfall  sewer ;  bnt 
the  upper  one  hangs  free,  in  order  to  serve  as  a  tide  flap  and 
allow  the  sewage  to  pass  into  the  Creek,  when  it  rises  to  a 
sufficient  height.  In  cases  of  heavy  floods,  the  lower  flaps 
can  be  opened. 

The  main  line  falls  58  feet,  26  feet,  and  9  feet  per  mile 
at  the  upper  end,  to  Brixton  Boad,  and  thence  2|  feet  per 
mile.  The  sewer  is  in  brickwork,  varying  from  9  inches  to 
22i  inches ;  one  half,  the  invert,  being  in  Portland  cement, 
and  the  remainder  in  blue-lias  mortar. 

The  Low  Level  Sewer  begins  at  Putney,  and  passes  through 
Battersea,  Nine  Elms,  Lambeth,  Newington,  Southwark, 
Bermondsey,  Botbcrhithe,  and  Deptford,  comprising  an  area 
of  20  square  miles.  It  is  10  miles  long.  In  size  it  varies  from 
a  single  sewer  4  feet  in  diameter  at  the  upper  end,  to  two 
culverts,  each  7  feet  by  7  feet.  Its  fall  is  from  4  feet  to  2  feet 
per  mile,  and  the  lift  at  the  outlet  is  18  feet. 

A  branch,  2  miles,  is  laid  from  St.  James's  Church, 
Bermondsey,  to  Deptford,  with  a  fall  of  44  feet  per  mile. 

From  Deptford  the  sewage  is  conducted  by  the  southern 
outfall  through  Greenwich  and  Woolwich  to  Crossness  Point, 
in  ^Erith  Marshes — a  distance  of  7}  miles — entirely  under- 
ground. It  is  Hi  feet  in  diameter,  in  brickwork  generally 
18  inches  thick,  with  a  fall  of  2  feet  per  mile.  The  bottom 
of  the  sewer  is  9  feet  below  low  water  at  the  outlet  into  the 
river,  so  that  it  can  discharge  at  and  near  low  water  by 
gravitation.  But,  ordinarily,  the  sewage  is  discharged  by 
pumping  into  the  Crossness  Reservoir,  which  is  6^  acres  in 
extent.  The  tunnel  through  the  chalk  under  Woolwich  is 
the  principal  feature  of  the  work. 
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The  bricks  used  in  the  works  were  mostly  picked  stocks  and 
Gaolt  clay  bricks ;  and  the  inverts  were  occasionally  faced 
with  Staffordshire  blue  bricks.  The  brickwork  was  laid  in 
blue-lias  lime  mortar,  in  the  proportion  of  2  of  sand  to  1  of 
lime  for  the  npper  part,  and  Portland -cement  mortar  in  the 
ratio  of  1  to  1,  below.  A  very  considerable  length  was  laid 
entirely  in  cement. 

The  total  cost  of  the  main  drainage  works  is  stated  to 
have  been  £4,100,000.  There  are  about  1,800  miles  of 
sewers  in  London,  and  82  miles  of  main  intercepting  sewers. 
The  total  pumping  power  employed  is  2,880  nominal  horse- 
power. The  sewage  on  the  north  side  of  the  river  amounted, 
in  1865,  to  10  millions  of  cubic  feet  per  day,  and  on  the  south 
side  to  4  millions  per  day ;  but  provision  has  been  made 
for  11^  millions  and  5i  millions  respectively,  in  addition  to 
28^  millions  of  cubic  feet  of  rain-fall  per  day  on  the  north 
side,  and  17i  millions  on  the  south  side  :  making  a  gross  total 
of  68  millions  of  cubic  feet  per  day,  equivalent  to  a  lake 
fifteen  times  as  large  as  the  Serpentine  in  Hyde  Park. 

Drainage  of  Paris. 

When,  in  1808,  the  subject  of  the  main  drainage  of  Paris 
first  received  a  systematic  investigation,  the  '*  great  "  or  main 
drain  was  only  a  large  natural  ditch — the  brook  of  Menil- 
montant  converted  into  a  ditch  or  open  sewer.  In  1740,  this 
ditch  was  walled  and  arched  over.  It  was  assumed,  in  1808, 
that  the  drains  should  empty  themselves  into  the  river 
Seine,  following  the  undulations  of  the  streets.  The  river, 
within  the  limits  of  the  city,  was  made  the  main  receiver  of 
all  the  sewage.  From  both  banks  and  from  the  central 
islands  all  outlets  poured  directly  into  it,  and  at  the  end  of 
1837  there  were  probably  forty  independent  mouths.  By 
the  more  recent  developments,  all  these  discharging  mouths 
were,  with  three  exceptions,  abandoned,  and  longitudinal 
intercepting  drains  of  a  large  section,  running  parallel  to  the 
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river,  were  sabstitnied,  and  the  drainage  was  collected  into 
four  points  of  discharge,  namely,  Asniere,  Chaillot,  the  Isle 
of  St.  Lonis,  and  the  Isle  of  Notre  Dame ;  in  addition  to  which, 
in  1868,  217  miles  of  main  sewers  had  been  constracted  in 
Paris.  In  January,  1874,  a  total  of  856  miles  had  been 
constructed  ;  and  it  was  then  estimated  that  nearly  287  milei 
— mostly  in  the  suburbs  near  the  fortifications — remained 
to  be  executed,  in  order  to  complete  the  whole  system. 

The  drains  are  confined  to  the  carrying  off  of  rain-water 
and  household-water.  Night-soil  has  no  connection  whatever 
with  the  drains.  It  is  carted  away  from  the  city  and 
deposited  at  appointed  places.  Road  scrapings  find  their  way 
into  the  drains.  Besides,  the  sand  which  is  stored  in  heaps 
along  the  streets  for  purposes  of  repair  is  converted  into  a 
mud  which,  with  the  road- scrapings,  is  not  uncommonly 
swept  into  the  drains.  In  many  cases,  the  inclination  of  the 
drains  is  so  slight  that  they  can  hardly  carry  off  the  solid 
matter,  which,  in  fact,  is  deposited,  and  must  be  cleared  away 
by  mechanical  means. 

The  main  intercepting  sewer  of  the  south  side,  **  Grand 
Egout  Collecteur  de  la  Rive  Gauche,"  is  of  the  type  No.  3, 
Fig.  808.  It  commences  at  the  Boule- 
vard St.  Marcel,  Jardin  des  Plantes,  and 
terminates  at  the  siphon  of  the  Pont 
de  TAlma,  10  feet  above  the  lowest  water- 
level  of  the  Seine.  It  is  6,015  yards, 
or  8-42  miles,  in  length;  with  a  fall  of 
1*8  feet  to  the  mile,  or  about  1  in  8,000. 
The  branch   sewers  are  mostly  of  the  »  .       !!**'  ^     ^ 

.  •'  Interoeptmg  Sewer,  Pam. 

section  shown  m  Fig.  809. 

The  main  intercepting  sewer  of  the  north  side,  **  Collecteur 

Generale  de  la  Rive  Droite,*'  is  to  the  section,  type  No.  1, 

Fig.  810.     It  commences  at  the  Boulevard  Sebastopol,  and 

terminates  at  CUchy,  oppoftitft  Aanieres.   The  fall  varies  from 

J  in  798  to  1  in  2,7^^. 
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The  "  CoUecteur  de  la  Bidvre  **  is  a  prolongation  of  the 
main  sewer  of  the  south  side,  of  the  asjne  section  as  this 
sewer.  It  commences  at  the  outfall  of  the  siphon  Pont  de 
I'Alma,  and  terminates  by  a  junction  with  the  main  sewer  of 
the  north  side  at  a  distance  of  601  yards  from  its  outfall  into 
the  river.  It  is  nearly  3  miles  in  length,  and  the  fall  varies 
from  1  in  1,926  to  1  in  2,951. 


Fig.  a09.— Branch  Sewer,  Paris. 


Fig.  310.— Intercepting  Sewer,  Paris. 


In  streets  of  a  width  greater  than  65^-  feet,  double  lines  of 
sewers  are  constructed,  one  under  each  footpath,  to  limit  the 
length  of  the  branch  drains,  which  are  laid  in  at  the  expense 
of  the  proprietors.  The  principle  of  the  design  of  the  drains  of 
Paris,  it  may  be  noted,  differs  materially  from  that  of  London 
and  other  English  towns.  In  Paris,  the  oval  form  is  followed, 
but  the  invert,  or  **  radier,"  is  nearly  flat,  of  a  width  varying 
from  16  inches  to  24  inches,  in  order  to  afford  footing  for  the 
workmen  engaged  in  cleansing  the  sewers.  For  the  same 
reason  they  are  made  of  considerable  height.  The  smallest 
section  of  drain  that  has  been  constructed  was  5^  feet  high, 
and  2^  feet  wide  at  the  springing  of  the  roof. 

The  deposit  in  the  sewers  is  removed  by  mechanical  means. 
In  the  smaller  sewers,  where  small  flushing-boards  and  iron 
half-gates  are  occasionally  used,  the  deposit  is  pushed  forward 
into  the  larger  sewers  by  wooden  hand- scrapers.  In  many 
of  the  smaller  types,  hand-tipping  trucks  convey  the  refuse 
into  the  larger  sewers.  In  the  larger  sewers,  sluice-gates, 
hung  by  chains  to  the  crown  of  the  sewer^  are  frea^<^^tJL^ 
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lowered,  in  order  to  back  up  the  water  so  as  to  float  the 
flashing-boats  by  which  the  cleansing  is  effected. 

The  siphon  of  the  Pont  de  TAlma,  for  convejdng  the  sewage 
of  the  south  side  to  the  north  side  across  the  Seine,  is  com- 
posed of  two  lines  of  wrooght-iron  tabes  8}  feet  in  diameter, 
}  inch  thick.  It  has  a  minimam  head  of  1-70  feet,  the 
difference  of  level  between  the  soath  side  and  the  north  side; 
bat  the  head  can  be  increased  to  7*8  feet.  An  effective  system 
of  scooriag  can  thus  be  practised.  A  wooden  ball  83^  inches 
in  diameter,  weighing  187  lbs.,  is  sent  throagh  the  tubes  once 
a  week.  As  it  is  about  6  inches  less  in  diameter  than  the 
tube,  it  rolls  along  the  crown  of  the  tube ;  and  should  its 
course  be  arrested  by  deposit  an  additional  scouring  takes 
place  under  the  ball,  and  the  sediment  or  accumulation  is 
dislodged  and  removed. 

The  greater  part  of  the  excremental  matter  is  drained  into 
cesspools  not  connected  with  the  sewers,  and  it  is  pumped 
thence  into  cylindrical  iron  carts.  These,  when  filled,  are 
hermetically  sealed  and  conveyed  to  the  several  depots.  The 
more  modem  system  is  that  of  the  "  appareih  diviseursj'  or 
**  tinettes  jUtres  " — sheet-iron  cylinders  for  separating  the  fluid 
from  the  solid  portion  of  the  excreta.  The  fluid  is  either  dis- 
charged into  a  cesspool  or  is  sent  into  the  sewers. 

Drainage  of  Hambubo. 

The  sewerage  of  Hamburg,  designed  by  Mr.  W.  Lindley, 
is  worthy  of  notice.  It  was  executed  upwards  of  thirty  years 
ago.  The  most  striking  feature  of  the  system  is  the  means 
of  constantly  flushing  the  sewers,  which  are  kept  so  clean 
that  it  is  rarely  necessary  to  send  any  men  into  them 
except  for  the  purpose  of  making  repairs.  The  forms  and 
dimensions  of  the  sewers  vary  with  their  inclinations,  as  well 
as  with  the  quantities  of  sewage  which  they  were  designed 
for  carrying  off.      The  steep  sewers  are  cylindrical,  from 
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15  inches  to  20  inches  in  diameter;  their  fall  varies  from 
1  in  15  to  1  in  150.  Four  or  five  miles  of  such  sewers  have 
been  laid.  For  long  main  lines,  where  such  rapid  falls  could 
not  be  obtained,  oval  sewers  of  larger  dimensions  were  bnilt, 
sufficiently  large  for  men  to  pass  through,  being  4^  feet  high 
and  2^  feet  wide.  This  class  of  sewer  was  not  made  with 
less  inclination  than  1  in  500  in  the  upland  districts  of  the 
city,  where  the  quantity  of  water  to  be  obtained  for  flushing 
is  dependent  upon  the  waterworks.  But  in  the  marsh  dis- 
tricts, where  the  water  for  flushing  is  obtained  from  the  river 
Alster,  sewers  of  this  description  are  laid  as  nearly  level  as 
an  inclination  of  1  in  8,000.  The  marsh  level  would  not 
allow  of  a  greater  fall,  and  the  unlimited  flushing  power 
derived  from  the  river  rendered  the  adoption  of  such  low 
gradients  quite  unobjectionable.  Every  house  has  its  drain- 
pipe discharging  directly  into  the  sewers,  without  any  cess- 
pool. Where  there  is  fall  enough,  a  6-inch  cast-iron  pipe 
is  carried  directly  into  the  opening  built  in  the  sewer  to 
receive  it ;  but  where  there  is  less  fall,  the  brick  drains,  of 
12  inches  or  15  inches  in  diameter,  receive  the  soil-pipes 
within  the  house  and  discharge  the  contents  into  the  main 
sewer. 

The  larger  classes  of  sewers  follow  each  other  in  succes- 
sion as  the  number  of  smaller  sewers  are  united  and  the 
quantity  of  water  to  be  carried  off  increases.  The  largest 
sewer  is  5  feet  wide  and  6  feet  high.  During  heavy  storms 
of  rain  the  quantity  of  water  delivered  into  it  from  all  its 
tributaries  is  so  great  that  it  has,  on  a  few  occasions,  been 
filled  nearly  to  the  soffit. 

The  whole  of  the  upland  sewers  were  laid  out  so  as  to 
act  as  catch-water  drains,  and  thus  to  separate  the  upland 
waters  from  the  marsh  sewers.  This  arrangement  was  neces- 
sary, because  the  water  in  the  Elbe  remains  at  times,  from 
24  to  86  hours,  above  the  cellars  of  the  houses.  The  upper 
ends  of  all  the  sewers  are  connected  either  with  the  river 
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Alster,  which  affords  a  head  of  18  feet  of  water,  or  with  the 
canab  hy  which  the  city  is  intersected,  or  with  other  high- 
lying  sewers — the  latter  forming  reservoirs  supplied  from 
the  waterworks.  Thus  there  are  not  any  dead-ends,  and  all 
the  sewers  can  be  thoroughly  flushed  from  one  end  to  the 
other.  By  this  arrangement,  it  is  true,  additional  outlay  was 
incurred  for  extra  lengths  of  sewer  to  form  the  connections 
with  the  water-heads,  and  for  penstocks  and  flushing-gates, 
to  turn  the  stream  in  the  direction  required  through  the 
sewers.  But  the  general  result  of  this  through  system  of 
flushing  was  great  economy  in  working,  and  it  was  proved 
that  the  cheapest  means  of  getting  rid  of  the  matters  dis- 
charged into  the  sewers  was  to  dilute  them  with  large  quan- 
tities of  water,  and  thus  to  flush  them  away. 

There  are  two  outfalls  for  the  sewage  of  Hamburg,  one  for 
the  upland  waters,  and  the  other  for  the  lowland  waters. 
The  two  discharges  are  delivered  into  the  main  stream  of  the 
river  Elbe  at  a  point  below  the  city  and  the  harbour,  so 
selected  that  steam-engines  may  be  placed  to  pump  the 
sewage  water  over  the  lands  of  the  adjoining  district,  when 
such  a  proceeding  may  be  deemed  advisable.] 


CHAPTER  XI. 

RECLAMATION   OF   LAND. 

It  frequently  happens  that  large  tracts  of  allavial  deposits 
are  found  at  the  mouths  of  rivers,  which  are  alternately 
covered  or  left  hare  hy  the  tides,  and  which,  generally  speak- 
ing, continue  to  increase  until  they  attain  such  a  height  as 
only  to  he  affected  hy  the  spring  tides.  These  hanks  then 
become  covered  with  a  species  of  marine  vegetation,  and  are 
cut  up  into  innumerable  small  creeks,  which,  at  the  low 
water,  serve  'as  channels  for  the  inshore  streams.  Many 
banks  of  this  description  have  been  reclaimed  from  the  tidal 
action,  both  in  our  own  country  and  in  Belgium  and  Holland, 
with  such  signal  advantage,  in  many  cases,  as  to  cause  regret 
that  others  should  still  remain  unproductive. 

The  works  usually  required  to  reclaim  these  foreshores 
consist — ^firstly,  of  an  embankment  forming  an  enclosure  to 
protect  them  from  the  sea,  which  must  be  able  not  only  to 
resist  the  hydrostatic  efforts  of  the  external  waters,  but  also 
the  more  destructive  action  of  the  waves  and  the  currents ; 
secondly,  of  the  system  of  drainage  of  the  enclosed  lands, 
including  under  this  head  occasionally  the  arrangements  for 
introducing  waters  charged  with  fertilising  matters,  an  opera- 
tion performed  in  some  districts,  and  known  locally  by  the 
name  of  **  warping." 

The  enclosure  banks  are  made,  generally  speaking,  from 
2  to  4  feet  above  the  high-water  line  of  the  equinoctial  spring 
tideSi  with  a  minimum  width  of  from  8  feei^  m<^\i^%\j^'\l^<^ 
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at  the  crown.  The  oatline  of  the  bank  in  plan  must  depend 
npon  many  local  circumstances  ;  but,  theoretically,  it  will  be 
found  to  offer  the  greatest  resistance  to  the  normal  action  of 
the  waves  if  it  be  convex  seawards,  whilst  the  stability  of  the 
material,  if  it  be  executed  in  stone  rubble,  will  be  the  greatest 
if  the  outline  be  concave.  Whatever  be  the  form  given  in 
plan,  it  must  always  be  borne  in  mind  that  no  sharp  internal 
angles  should  be  allowed,  and  that  every  projection  must  be 
joined  into  the  body  of  the  work  by  gentle  curves  of  the 
largest  possible  radius. 

The  best  form  of  the  sea  slope  is  a  subject  still  much  in 
discussion  amongst  engineers.  On  the  shores  of  Holland 
and  Belgium  the  practice  has  been,  for  many  years,  to  make 
it  rectilinear,  and  inclined  at  a  small  angle  to  the  horizon. 
Although  these  slopes  have  succeeded  in  some  positions,  there 
are  others  in  which  the  results  obtained  have  been  precisely 
of  an  opposite  character,  and  in  which  it  would  appear  that  a 
vertical  wall  would  have  been  preferable.  Again,  many  dis- 
tinguished engineers  are  of  opinion  that  the  best  form  to  be 
given  is  one  similar  to  the  outline  the  materials  themselves 
would  assume  if  left  to  arrange  themselves  by  natural  causes ; 
whilst  latterly  Colonel  Emy  has  advocated,  with  considerable 
ability,  the  theory  that  a  concave  transverse  section  was  the 
most  fitted  to  resist  the  action  of  the  ground  waves. 

Long  fore  slopes  possess  the  advantage  of  allowing  the 
emplo3rment  of  any  sand,  or  other  similar  materials ;  they 
offer  the  least  resistance  to  the  action  of  the  sea,  and  are 
precisely  the  less  exposed  to  injury  in  proportion  as  their 
inclination  is  greater.  It  has  been  observed  that  the  destruc- 
tive action  of  the  sea  exercises  its  greatest  effect  about  the 
level  of  the  lowest  high  tides  of  the  neaps.  But  if  these 
long  slopes  possess  some  advantages,  they  are  accompanied 
by  corresponding  disadvantages ;  for  they  conduct  the  waves 
to  much  higher  points  than  they  would  otherwise  reach,  and 
it  IB  not  always  ihat  ei^ei  \^^  'm»i\Af\si^&  ^\i<»i\  ^tV!s^<^  «i^Me 
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disposable  are  sach  as  to  allow  of  their  economical  execution, 
to  which  consideration  after  all  the  decision  as  to  works  of 
this  description  mast  be  referred. 

Vertical  enclosure  walls  occupy  the  least  space,  and  expose 
the  smallest  surface  to  the  action  of  the  waves ;  and  these 
again,  instead  of  breaking  upon  the  shore,  are  reflected 
towards  the  open  sea.  But  walls  of  this  description  must 
encounter  the  maximum  effort  of  the  waves,  wherever  these 
do  strike,  and  their  recoil  must  act  very  injuriously  upon  the 
footings,  unless  they  be  of  a  very  resisting  description.  The 
concave  walls  recommended  by  Colonel  Emy  have  not  yet 
been  tried  in  a  sufficient  number  of  cases  to  justify  any  definite 
conclusions  as  to  their  merits ;  but  they  are  in  many  cases 
objectionable  on  the  score  of  the  ground  they  require,  and  the 
great  expense,  not  only  of  the  first  cost,  bat  of  the  repairs. 

The  reasons  which  should  influence  the  choice  of  the  form 
to  be  given  to  the  sea  slope  of  an  embankment  may  be 
resumed  as  follows.  1.  It  will  be  influenced  by  the  main 
direction  of  the  winds,  waves,  tides,  and  currents,  which 
should  be  made  to  strike  the  bank  as  nearly  as  possible  in  a 
direction  normal  to  the  surface  of  the  facing.  2.  By  the 
materials  to  be  procured  in  {he  neighbourhood.  8.  By  the 
surface  of  land  which  can  be  devoted  to  the  formation  of  a 
bank.  4.  And  principally  by  the  commercial  considerations 
affecting  the  original  execution,  the  maintenance,  and  the 
value  of  the  whole  operation. 

The  inner  slope  of  the  banks  will  depend  upon  the  materials 
of  which  it  is  composed  ;  and  at  its  foot  a  catch-water  drain 
must  be  formed  to  collect  the  waters  falling  upon  the  enclosed 
land,  and  to  conduct  them  to  the  outfall.  The  Dutch  engi- 
neers usually  make  the  slope  about  5  to  1,  and  they  form  a 
roadway  about  20  feet  wide  between  its  foot  and  the  edge  of 
the  catch- water  drain.  When  the  bank  is  formed  of  mud  or 
silt,  it  is  necessary  to  carry  up  in  its  centre  a  core  of  sand  or 
other  hard  substance,  to  prevent  rats  or  moU^  (tcyccLV^^T(SN% 
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through  it ;  and  means  must  he  taken  to  cover  the  exposed 
sorfftces  with  vegetation  of  a  character  to  hind  together  the 
materials  of  which  the  bank  is  made. 


Fig.  811.— Eedamation  of  Land. 


The  land  waters  collected  in  the  ontfEdl  drain  are  let  off  by 
means  of  sluices,  whose  apertores  will  be  regnlated  by  the 
quantity  to  be  discharged,  and  the  duration  of  the  period  in 
which  the  flow  can  take  place,  as  well  as  by  the  head  of  water 
which  may  exist  at  the  commencement  of  the  discharge. 
Upon  the  sea- coast  the  intervals  between  the  tides  recur  with 
great  regularity ;  but  in  the  upper  portions  of  river-courses 
the  casual  floods  are  likely  to  prevent  the  discharge  during 
periods  of  variable  duration,  so  that  in  many  such  positions 
it  is  very  probable  that  the  reclaimed  lands  may  be  partially, 
or  entirely,  flooded  on  all  such  occasions :  the  ooltivation  to 
be  adopted  must  be  regulated  with  a  view  to  these  contin- 
gencies. 

The  simplest  mode  of  closing  the  outfall  drain  is  by  a 
sluice  upon  hinges,  fixed  at  the  outer  end  of  a  culvert,  in 
wood,  masonry,  or  iron,  passing  through  the  body  of  the 
bank.  The  floor  of  this  aqueduct  is  placed  at  the  level  of 
the  bottom  of  the  catch-water  drain,  and  it  has  an  inclination 
outwards.  So  long  as  the  head  of  water  upon  the  outside  of 
the  sluice  is  greater  than  that  upon  the  inside,  it  will  remain 
closed ;  directly  the  waters  upon  the  outside  have  fallen  so  as 
to  form  a  sufficient  head  upon  the  inside  to  overcome  the 
friction  of  the  hinge,  the  sluice  will  open  and  give  passage  to 
the  waters.  It  is,  hLO^e^^t^  advisable  that  a  sHding  'gate 
working  in  a  valve  \>q  "^W^di  \^>si\  V2bl^  \fi3!^!i^  ^c!!^adSA>  to 
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guard  against  the  possibility  of  accidental  derangements  of 
the  latter. 

Another  description  of  gate  frequently  used  in  these  works 
is  the  gate  working  upon  k  vertical  axis  and  shutting  against 
a  rebate,  in  which  the  areas  of  the  two  portions  of  the  gate 
are  made  unequal.  When  the  waters  on  the  outside  are 
higher  than  those  on  the  inside,  the  gates  are  pressed  against 
the  rebate;  when  the  opposite  conditions  occur,  the  gates 
open  and  afford  a  passage  to  the  land  waters.  Sometimes  in 
large  gates  of  this  description  where  two  leaves  are  employed, 
they  are  made  to  meet  at  an  obtuse  angle,  like  the  leaves  of 
a  lock  gate. 

The  system  of  warping  is  much  adopted  on  the  banks  of 
the  Humber  in  our  own  country,  in  Tuscany,  in  the  valleys 
of  the  Chiana  and  of  the  Rhone  ;  and,  indeed,  the  cultivation 
of  the  valley  of  the  Nile  is  but  an  illustration  of  it  upon  a 
very  extensive  scale.  It  is  founded  upon  the  principle  that 
all  rivers  carry,  in  their  downward  course,  the  earthy  matters 
they  derive  from  the  lands  surrounding  their  water- shed. 
The  waters  so  charged  are  allowed  to  flow  over  the  land  to 
be  warped,  and  they  are  retained  upon  it  until  the  earthy 
matters  are  deposited,  when  they  are  allowed  to  run  off  by 
means  of  surface  weirs. 

It  is  usual  to  surround  land  proposed  to  be  thus  treated  by 
an  embankment,  in  which  are  placed  the  inlet  sluices,  at  the 
lowest  level.  The  water  enters  through  these  sluices  at  the 
highest  point  of  one  tide,  and  is  retained  during  the  interval 
between  two  successive  tides ;  to  be  then  run  off  entirely, 
even  from  the  ditches,  before  the  influx  of  the  next.  Upon 
the  banks  of  the  Humber  it  is  considered  that  the  most  bene- 
ficial efforts  are  produced  by  the  execution  of  this  operation 
between  the  months  of  June  and  September ;  the  embank- 
ments are  made  from  3  feet  to  7  feet  high,  ftud  it  is  usually 
calculated  that  a  sluice,  with  a  clear  water-way  about  6  feet 
high  and  8  feet  wide,  will  suffice  to  wai^  ^  «kX\xl*d£.^  ^'l  S:l^\sv 
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60  to  80  acres.  In  this  district  it  is  found  that  the  warped 
lands  are  at  first  cold  and  raw,  and  that  they  require  a 
peculiar  treatment  for  agricultural  purposes. 

The  quantity  of  sediment  brought  down  by  the  rivers 
fiedling  into  the  Humber  is  enormous.  Lord  Hawke  stated, 
in  his  Report  on  the  Agriculture  of  the  West  Riding,  that  one 
tide  would  deposit  an  inch  of  mud,  and  the  source  from 
whence  it  is  derived  is  still  a  matter  of  great  uncertainty.  At 
its  mouth  the  Humber  is  as  clear  as  most  rivers,  and  the 
floods  from  the  upper  countries,  so  far  from  increasing  the 
quantity  of  matters  in  suspension,  on  the  contrary,  exercise 
a  very  injurious  effect  upon  them.  In  the  driest  seasons  and 
the  longest  droughts  it  is  found  to  be  the  best  and  most 
plentiful,  and  produces  its  effect  totally  irrespective  of  the 
subsoil.  In  fact,  a  new  soil  is  formed,  and  the  operation  of 
warping  differs  in  this  respect  from  ordinary  irrigation,  which 
acts  by  improving  the  soil  already  existing. 


CHAPTER  Xn. 
IRRIGATION  OF  LAND. 

Ibbioation  is  a  branch  of  Hydraolio  Engineering,  which  has 
not  received  the  attention  from  the  public  in  our  country 
which  its  advantages  and  results  would  appear  to  warrant. 
In  France,  Spain,  Italy,  Egypt,  and  India,  however,  it  has 
for  ages  engaged  the  attention  of  agriculturists  and  govern- 
ments, and  immense  national  works  have  been  executed  to 
insure  its  successful  application.  In  Sweden  and  Northern 
Germany  irrigation  works  have  been  carried  out  to  a  great 
extent ;  but,  inasmuch  as  it  appears  that  the  more  temperate 
zones  are  the  most  adapted  to  insure  satisfactory  economical 
results,  and  that  practically  it  is  advisable  to  confine  irriga- 
tion to  countries  situated  between  the  25th  and  27th  parallels 
of  latitude,  in  the  northern  hemisphere  at  least,  it  is  only 
exceptionally  that  works  of  this  description  have  been 
executed  beyond  those  limits. 

All  waters  are  not  equally  fitted  for  the  purpose  of  irri- 
gation, and  a  certain  degree  of  care  is  required  in  their 
selection,  whatever  be  the  description  of  cultivation  to  which 
it  may  be  proposed  to  apply  them.  Tho^e  which  flow  from 
forests,  peat-mosses,  or  contain  large  quantities  of  the  oxide 
of  iron,  are,  if  not  positively  injurious,  at  least  but  little 
adapted  to  this  use.  Those  waters  are  the  best  which  have 
been  the  longest  exposed  to  atmospheric  influences,  or  which 
may  have  traversed  fertile  lands  able  to  communicate  some 
of  their  properties.     It  is   on  this  account  that  EtteQJsi& 
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flowing  throngh  towns  and  villages  are  the  most  desirable, 
provided  always  that  they  do  not  become  too  highly  charged 
with  sewage.  The  waters  flowing  from  granitic  or  primary 
rocks  are  often  more  advantageous  than  those  from  the 
secondary  formations,  particularly  if  these  consist  of  the 
magnesio-calcareous  deposits.  The  waters  from  the  argillo- 
calcareous  rocks,  or  marls,  possess  an  intermediate  character; 
but  as  the  condition  to  be  fulfllled  by  any  water  used  in 
irrigation  is  that  it  supply  the  deficiencies  of  the  soU 
traversed,  it  may  frequently  happen  that  calcareous  waters 
may  be  the  most  advantageous.  A  very  simple  criterion, 
however,  exists,  by  which  the  adaptation  of  the  waters  of 
any  particular  stream  to  these  purposes  may  be  judged ;  it 
consists  in  the  nature  of  the  vegetation  in  the  natural  bed. 
If  this  be  covered  with  a  luxuriant  vigorous  herbage,  of  a 
good  quality,  the  water  may  safely  be  considered  to  be  fitted 
for  the  proposed  use. 

The  description  of  soil  which  derives  the  greatest  benefit 
from  irrigation  is  that  which  is  the  most  permeable  and  the 
most  easily  warmed.  Compact  clay  lands  gain  the  least, 
because  they  absorb  the  heat  necessary  to  insure  that  the 
water  should  produce  its  greatest  efiect  with  difficulty  ;  and, 
as  they  are  very  retentive,  the  evaporation  from  them  cools 
the  ground  to  a  serious  extent.  The  nature  of  the  subsoil 
is,  however,  able  to  modify  very  considerably  the  practical 
application  of  these  rules. 

The  greatest  advantage,  economically,  is  derived  from  the 
irrigation  of  what  are  called  natural  and  artificial  meadows,  in 
the  higher  latitudes  at  least ;  more  southerly,  garden  grounds, 
rice  fields,  and  even  sugar  plantations,  are  found  to  derive 
immense  benefit  from  the  process ;  and,  indeed,  it  is  hardly 
too  much  to  say  that  the  diflerence  between  fertile  land  and 
barren  wilderness  in  warmer  countries  may  be  attributed  to 
the  presence  or  abaeiiCQ  oi  «ome  means  or  description  of  irri- 
^tion.      The  terms  natural  wA  aTt\Vvc\a\  \s\.^^\q^^^  -s^aad 
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above,  are  to  be  Dnderstood  as  referring  to  the  nature  of  the 
vegetation  only;  the  former,  the  natural  meadows,  being 
those  in  which  plants  of  the  natural  order  of  the  Oratninea 
are  principally  grown,  such  as  the  Phleum  pratensey  Lolium 
perenne,  Festuca  sylvatica,  Poa  pratensis,  &c, ;  whilst  the 
latter,  the  artificial  meadows,  produce  plants  of  the  order 
Leguminosa,  which  require  to  be  sown  every  year,  such  as 
the  Medicago  saliva^  TrifoHum  pratense,  Vicia  sativa,  &c.  Of 
these  descriptions  of  meadows,  again,  the  best  results  are 
obtained  from  those  called  natural ;  and,  as  they  are  almost 
the  only  ones  adopted  in  our  country,  the  following  remarks 
will  be  confined  to  them. 

The  period  of  the  year  in  which  the  water  should  be 
poured  over  the  land  will  vary  with  the  latitude  and  the 
purposes  to  which  it  is  to  be  applied.  In  England  it  is  used 
sometimes  for  the  express  purpose  of  protecting  the  vegeta- 
tion from  the  efiects  of  frost,  and  is  therefore  applied  in 
winter ;  but  if  it  be  desired  to  retain  the  matters  in  suspen- 
sion in  the  waters,  they  should  be  used  in  the  later  part  of 
the  autumn  and  in  the  early  spring,  because  it  is  at  those 
epochs  of  the  year  that  rivers  are  the  most  charged,  under 
normal  circumstances.  The  usual  practice  in  the  south-west 
of  England  is  to  irrigate  through  the  months  of  October, 
November,  December,  and  January,  from  fifteen  to  twenty 
days  at  a  time,  without  intermission.  At  the  expiration  of 
each  of  these  periods  the  ground  is  left  to  dry  during  five  or 
six  days.  If  a  slight  frost  should  occur,  the  water  is  again 
immediately  turned  on,  but  the  ground  is  left  dry  if  there  be  any 
probability  of  a  long-continued  and  severe  firost.  In  February 
the  length  of  the  periods  of  irrigation  is  diminished  to  about 
eight  days,  and  care  is  taken  to  shut  off  the  water  early  in 
the  morning,  so  as  to  allow  the  ground  to  dry  during  the 
daytime,  and  thus  obviate  any  danger  from  the  light  frosts 
at  night.  In  March  the  same  precautions  are  observed,  and 
the  periods  of  irrigation  gradually  dvoiVm&Vi^^/xsL  ^^xj^  ^^- 
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portions  that  the  groDnd  shall  be  thoroughly  dry  before  the 
end  of  the  month.  The  meadows  are  then  depastured  doriDg 
the  month  of  April  by  sheep  and  lambs,  and  eaten  barely 
down  before  May  by  a  heavy  stock.  After  that  the  grass  is 
allowed  to  stand  for  hay,  and  in  some  districts  it  is  nsnal  to 
irrigate  for  a  week  before  it  is  so  left ;  bat,  as  an  invariable 
role,  it  appears  that  when  the  grass  is  2  inches  high  no  more 
water  is  applied. 

Occasionally  the  lands  are  irrigated  after  the  crop  of  hay 
has  been  carried ;  bat  it  is  asserted  that  the  grass  of  the 
aftermath  is,  ander  sach  circamstances,  very  injarioas  to 
sheep.  Grass  lands  irrigated  in  summer  are  known  to  pro- 
duce the  rot  in  those  animals,  though  cattle  are  not  affected 
in  a  similar  manner.  It  is  known,  also,  that  if  the  purest 
water  remain  upon  land  for  any  length  of  time,  especially  in 
spring  or  summer,  it  deposits  a  species  of  white  scum,  of  the 
consistence  of  melted  glue,  which  acts  very  injuriously  upon 
the  qualities  of  the  grass. 

Very  little  is  known  with  respect  to  the  quantity  of  water 
required  to  irrigate  a  definite  surface  ;  and,  indeed,  this  must 
depend  upon  many  circumstances  connected  with  the  latitude 
of  the  district  and  the  nature  of  the  subsoil.  In  the  south  of 
France,  it  has  been  calculated,  an  acre  of  meadow  land  would 
require  about  1,200  cubic  feet  of  water  per  day  during  the 
season  for  irrigation ;  but  there  the  land  is  very  light,  and 
the  ground,  owing  to  the  summer  heats,  is  very  dry.  In 
England  it  is  almost  certain  that,  even  upon  tolerably  light 
lands,  it  would  not  be  necessary  to  employ  much  more  than 
half  the  above  quantity.  In  the  county  of  Gloucestershire 
the  practice  is  to  allow  a  stream  of  2  inches  in  depth  to  flow 
over  the  surface,  and  to  dress  the  latter  with  a  fall  of  half  an 
inch  to  a  foot  from  the  feeder  to  the  drain. 

The  primary  conditions  for  the  establishment  of  a  system 
of  irrigation  are,  tiiat  «k  co^\o\i&  ^w^^ly  of  water  exist  at  all 
UmeB,  and  that  tihe  lan^  to  \i^  \tx\%«AA^  ^ws5^\  ^x^-assciw  ^^^a^ 
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a  configuration  as  to  allow  the  waters  to  flow  over  it  with  a 
regular  current,  and  to  insure  a  perfect  discharge  of  the  water 
after  it  shall  have  passed  over  the  land. 

The  water  may  be  poured  over  the  land  either  by  means  of 
a  dam  across  the  whole  width  of  the  channel,  or  by  a  lateral 
deviation,  according  to  the  water  privilege  of  the  landowner. 
The  former  course  is  preferable  wherever  it  can  be  adopted, 
because  it  enables  the  water  to  be  penned  back,  and  thus 
•poured  over  a  greater  surface  and  upon  higher  points ;  but  it 
is  necessary  to  pay  particular  attention  to  the  effects  of  such 
a  dam  upon  the  flow  of  the  stream,  in  order  to  avoid  flooding 
the  lands  of  neighbours.  It  must  be  borne  in  mind  that  the 
top  water  line  of  any  intercepted  stream  is  never  horizontal, 
but  that  it  assumes  a  h3rperbolic  curve,  which  may  be  con- 
sidered to  join  the  natural  declivity  at  a  distance  varying  with 
the  inclination  of  the  bed. 

In  Spain  the  waters  for  irrigation  are,  in  many  cases, 
obtained  from  artificial  reservoirs,  formed  by  throwing  dams 
across  the  narrow  gorges  of  deep  valleys ;  and  the  various 
reservoirs  constructed  in  many  districts  of  England  might  be 
made  to  perform  the  same  office.  The  construction  of  the 
transverse  dams  in  such  works  is  a  matter  of  vital  import- 
ance in  every  sense  of  the  word,  as  was  lately  exemplified  in 
the  case  of  the  Holmfirth  catastrophe ;  and  it  is  impossible 
to  dwell  too  much  on  the  necessity  for  the  careful  construction 
of  the  foundations,  so  as  to  prevent  any  infiltrations.  When 
these  dams  are  formed  of  earthwork,  the  crowns  should  be 
made  of  a  width  equal  to  half  the  height,  and  the  base  be  at 
least  three  times  the  height.  It  is  safer  to  make  the  principal 
slope  on  the  inside,  towards  the  water,  and  to  form  it  in 
steps ;  and  it  would  also  be  preferable  to  make  the  dam 
convex  inwards.  The  top  should  be  at  least  2  feet  above 
the  highest  water  line ;  two  sluices  should  be  placed  near  the 
bottom,  one  to  draw  off  the  water,  the  other  to  allow  the 
reservoir  to  be  cleansed  ;  and  overflows  should  be  formf^d.  <i;^ 
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prevent  the  waters  ever  rising  to  the  top  of  the  dam  itself. 
If  the  streams  flowing  in  be  charged  with  very  large  qaanti> 
ties  of  matter  in  suspension  during  the  rainy  seasons,  it  may 
also  be  necessary  to  construct  depositing  basins  to  receive 
the  mud  and  sand  they  bring  down. 

The  construction  of  large  reservoirs  has  been  treated  at 
some  length  by  the  author,  in  an  article  upon  Inland  and 
River  Navigation,  inserted  in  the  ^'Aide  Memoire  to  the 
Military  Sciences/'  The  reader  is  referred  to  it  for  a  descrip- 
tion of  the  precautions  to  be  taken  and  the  lessons  to  be 
derived  from  similar  works  already  executed.  It  may  suffice 
here  to  state,  that  it  is  indispensable  that  the  strata  of  the 
valley,  in  which  it  may  be  proposed  to  construct  a  new 
reservoir,  should  bo  naturally  impermeable  or  rendered  so 
by  art,  and  that  they  should  not  allow  of  any  unequal  settle- 
ments in  the  dam.  Care  must  also  be  taken  to  prevent  the 
detrusion  of  the  dam,  by  stepping  its  foundations  and  by 
avoiding  any  horizontal  joints  traversing  the  whole  thickness. 

When  a  supply  of  water  has  been  secured,  the  next  opera- 
tions will  consist  in  the  disposal  of  the  ground  in  such 
manner  as  to  insure,  firstly,  that  the  water  arrive  by  the 
culminating  points ;  secondly,  that  it  be  distributed  equally 
and  with  a  proper  velocity  over  the  whole  surface ;  and 
thirdly,  that  it  be  collected  into  the  outfall  drains  directly  it 
shall  have  passed  over  the  land  to  be  irrigated. 

There  are  two  systems  for  preparing  the  land  for  this  pur- 
pose, which  are  known  in  the  south-western  counties  by  the 
names  of  bed-work  and  catch-work  irrigation.  In  bed-icork 
irrigation,  the  land  is  thrown  into  beds  or  ridges,  in  direc- 
tions at  right  angles  to  the  main  feeder  as  far  as  possible, 
although  that  precise  arrangement  is  not  absolutely  neces- 
sary. In  catch-work  irrigation,  ditches  are  made  at  distances 
below  each  other,  across  the  declivity,  to  catch  the  water 
Sowing  from  the  lop  oi  l\i^  ^eld  and  distribute  it  again  and 
Again  over  the  land.     1\ie  ioxmct  «>j%\fcm'\^\asst^  'sw^^iKe*^^ 
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but  it  is  far  more  equally  successful  than  the  latter  ;  because, 
evidently,  the  land  receiving  the  water  at  the  point  where  it 
first  leaves  the  stream,  must  retain  a  larger  portion  of  the 
fertilising  materials  it  may  afford  than  those  parts  receiving 
the  water,  as  it  were,  at  second-hand.     Catch-work  irriga- 
tion, in  fact,  should  never  be  resorted  to  but  in  those  posi- 
tions where  the  declivity  is  too  great  to  admit  of  the  troughs 
or  distributing  gutters  being  made  to  point  down  the  descent. 
The  beds  and  ridges  are  so  disposed  that  a  ridge  may  be 
formed  in  the  centre,  with  a  slight  longitudinal  fall,  and  the 
ground  on  either  side  slope  away  to  a  drain   intended  to 
receive  the  waste  waters.     The  channels  or  floating  troughs 
are  placed  upon  the  ridge,  and  communicate  with  the  main 
feeders  or  conductors.     Their  inclination  is  usually  made 
about  1  in  600,  and  practically  their  length  appears  to  be 
confined  to  about  70  yards.      When  the  surface  to  be  irri- 
gated exceeds  that  width,  it  is  usual  to  form  fresh  conductors, 
so  that  the  water  should  not  flow  over  the  land  for  a  greater 
distance  than  70  yards  without  being  again  carried  into  the 
natural  bed.     The  usual  dimensions  of  these  channels  are 
about  20  inches  in  width  at  the  junction,  and  12  inches  at 
the  end.     The  inclined  planes  on  either  side  of  the  trough 
have  inclinations  varying  with  the  nature  of  the  soil  and  the 
supply  of  water.     In  light  and  absorbent  soils  they  require 
to  be  slight  in  order  that  the  water  may  remain  long  on  them 
and  not  to  scour  the  ground ;  in  compact  heavy  lands,  on 
the  contrary,  they  should  be  greater.     The  limits  of  varia- 
tion are  between  1  in  1,000  and  1  in  100,  according  to  the 
nature  of  the  ground.     The  width  of  the  planes,  also,  is 
dependent  upon  the  same  considerations.     The  more  com- 
pact the  nature  of  the  soil,  the  wider  must  be  the  planes, 
because  the  water  can  flow  over  a  greater  surface  without 
being  absorbed ;  whilst  in  open  porous  soils  the  width  must 
be  diminished.     Upon  the  former  a  width  of  about  180  feet 
may  occasionally  be  adopted  ;  upon  \ii^  \»AXat  ^$^^<ife\»^aw'^^ 
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Qsnal  widtli.  When  the  bed  £d]fl  in  one  direction  longi- 
todinmllT,  the  crowns  or  ridges  shoold  be  in  the  middle ;  if 
they  Ctdl  ktendly  mnd  longitodinaUy,  the  crowns  should  be 
made  towards  the  npper  side ;  and  in  either  ease  they  should 
project  slightly  aboye  the  planes. 

The  dimensions  and  inclinations  of  the  drains  at  the  foot 
of  the  planes  most  be  made  sufficiently  great  to  insure  the 
speedy  and  effectual  remoyal  of  the  water. 

The  inclination  and  sectional  area  of  the  conductor  mast 
be  regulated  by  the  number  and  position  of  the  side  floatLng 
troughs  it  may  be  required  to  supply,  taking  into  account 
the  quantity  which  may  be  absorbed  by.  the  earth  or  lost  by 
eyaporation  during  the  passage  through  the  conductor.  The 
latter  source  of  loss  may  be  diminished  by  confining  the 
width  of  the  canal  within  the  smallest  limits  possible.  If  the 
river  carry  down  much  extraneous  matter  it  is  advisable  to 
give  a  tolerably  sharp  fall  to  the  conductor,  in  order  that  it 
may  not  be  deposited  in  the  latter.  An  inclination  varying 
between  1  and  1^  in  10,000  will  be  found  sufficient  for  this 
purpose  in  the  majority  of  cases.  It  is  also  desirable  that 
the  conductor  be  made  as  narrow  as  possible,  in  order  to 
occupy  the  smallest  quantity  of  land. 

The  formulae  for  ascertaining  the  dimensions  of  the  channel 
are,  q  =  s  v ;  in  which  q  ^  the  quantity  to  be  supplied ; 
s  =  the  sectional  area ;  and  y  =  the  velocity.     By  transpo- 

Q 

sitioD,  this  formula  becomes  s  =  y,  and  v  may  be  ascer- 
tained  by  the  formula,  given  by  Playfair,  from  De  Prony, 

V  =  -  154118  +  \/023751  +  82800-6  x  m  ;  in  which  a 
is  the  hydraulic  mean  depth,  or  a  quantity  obtained  by 
dividing  the  area  of  the  transverse  section,  expressed  in 
square  inches,  by  the  perimetre,  or  boundary  of  that  section 
minus  the  breadth  of  the  surface,  expressed  in  lineal  inches ; 
and  I  =  the  sine  of  the  inclination.  As  the  angles  formed 
with  the  horizon  are  \n&m\A\7  «ai^/\ii>^^*^  <s^^T«^<^\^viifl 
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generally  foand  to  be  sufficient  to  substitnte  the  rate  of 
inclination  for  the  more  theoretically  correct  term  of  the 
sine.  It  is  hardly  to  be  supposed  that  the  class  of  workmen 
who  nsnally  direct  irrigation  works  make  many  calcalations 
of  this  kind ;  nor,  with  the  superabundance  of  water  we 
have  in  England,  is  it  often  necessary  to  consider  the  precise 
dimensions  required.  It  may  happen,  however,  that  it  will 
be  found  desirable  to  execute  irrigation  channels  in  countries 
where  water  is  more  valuable.  In  Gloucestershire  it  is  usual 
to  make  the  conducting  channel,  for  a  surface  of  800  acres, 
about  15  feet  wide  by  8  feet  deep.  The  distance  between 
the  feeders  and  drains,  in  cold  swampy  land  in  that  county, 
is  also  ordinarily  confined  to  about  4  or  6  yards. 

Hutches  or  sluices  should  be  placed  at  the  points  where 
the  conductor  communicates  with  the  stream,  or  where  the 
floating  troughs  branch  off  from  the  conductors,  so  as  to 
regulate  the  admission  and  distribution  of  the  water  at  any 
period.  The  most  important  of  these  is  the  hatch  at  the 
mouth  of  the  conductor,  which  will  require  to  be  of  con- 
siderable strength  in  order  to  resist  the  efforts  of  any  sudden 
freshets ;  for  if  these  should  occur  when  the  crop  is  in  a 
forward  state,  and  bring  down  waters  charged  with  much 
sedimentary  matter,  they  may  produce  very  disastrous  effects. 
The  floating  troughs  themselves  may  be  closed  by  movable 
dams,  or  merely  by  pieces  of  turf  laid  across  the  mouth. 

All  the  above  remarks  must  be  considered  as  only  possess- 
ing a  very  general  application,  and  as  being  susceptible  of 
variation  according  to  local  circumstances.  Thus  the  incli- 
nation frequently  given  to  the  main  conductors  in  the  moun- 
tainous districts  of  the  Alps,  Tyrol,  Savoy,  Dauphine,  and 
Pyrenees  is  ^  o^ ;  whilst  in  the  private  canals  lately  executed 
in  Piedmont  and  Lombardy  it  varies  from  i-aVir  to  tAtt  ;  and 
in  La  Provence  it  varies  from  TTrSinr  to  T(f5^7.  It  would 
appear  that  in  mountainous  countries,  therefore,  the  higher 
limit  may  be  adopted ;  but  that  if  the  ixiclixAAi<^\i  ^^^^^bcS^ 
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3  J 17,  it  becomes  necessary  to  retard  the  velocity  of  the  stream 
by  a  series  of  cascades  or  dams,  for  there  are  few  soils  that 
could  resist  its  denuding  effects  under  such  circumstances ; 
and  if  the  irrigation  take  place  in  a  plain  where  the  river  has 
become  tolerably  clear,  the  inclination  may  be  made  as  stated 
above  from  i^<ro  to  ttAt^t- 

In  setting  out  the  main  conductor,  it  is  important  that  the 
radius  of  curvature  of  the  changes  of  direction  be  made  as 
large  as  possible,  in  order  to  avoid  any  diminution  in  the 
velocity  of  the  flow  and  the  rate  of  discharge,  and  also  to 
obviate  any  destructive  action  upon  the  banks.  The  mini- 
mum radius  should  be  from  100  to  150  yards.  The  banks 
should  be  kept  at  least  8  inches  above  the  water  line  when 
the  supply  is  constant ;  and  it  is  even  desirable  to  make  that 
height  from  16  to  18  inches,  to  guard  against  any  incon- 
venience from  the  development  of  aquatic  plants,  which  takes 
place  with  most  extraordinary  rapidity  in  all  such  positions. 
The  peculiar  mode  of  growth  of  these  plants,  in  long  festoons, 
also  produces  a  greater  interference  with  the  rate  of  discharge 
than  would  arise  from  their  precise  volume ;  because  they 
retard  the  velocity  of  flow,  on  account  of  the  manner  in 
which  their  long  streamers  follow  the  direction  of  the  cur- 
rent. It  is  important  that  they  should  be  cut  as  often  as 
possible. 

In  England  the  supply  of  water  is  usually  so  copious,  that 
it  is  rarely  necessary  to  measure  the  quantity  distributed  at 
any  particular  place.  In  warmer  climates,  or  even  here 
when  the  preliminary  expense  of  procuring  the  water  has 
been  considerable,  its  economical  value  becomes,  however,  so 
much  enhanced  that  it  is  a  matter  of  primary  importance  to 
ascertain  the  quantities  supplied  to  the  various  recipients. 
The  construction  of  gauges  has,  therefore,  for  a  long  time 
occupied  the  attention  of  the  hydraulic  engineers  of  Northern 
Italy ;  and  the  re8earc\ie«  axid  experiments  made  by  them  for 
the  purpose  of  esiabliBbxiig  «k  ^Voi^^,  %i^W<^VA\v%\\i^\sL\ns^<s^  <iC 
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that  description,  have  led  to  the  aDDoancemeot  of  the  curious 
law  of  hydrodynamics,  not  before  observed,  to  which  atten- 
tion has  been  already  called,  and  upon  which  is  based  the 
principle  of  the  gauges  used  in  Piedmont  and  Lombardy. 
A  description  of  these  gauges  is  subjoined,  as  they  may 
frequently  be  required  in  our  colonies,  or  in  India. 

The  unity  adopted  in  the  measurement  of  water  in  Italy  is 
called  Voncia  (Vacqtia,  and  it  is  the  quantity  which  could  flow 
through  a  rectangular  orifice,  discharging  freely  at  the  lower 
end,  but  not  entirely  into  the  air,  under  a  constant  pressure 
of  four  inches  above  the  orifice.  When  it  is  desired  to  dis- 
tribute more  than  a  single  ounce,  the  width  only  is  modified, 
whilst  all  the  other  conditions  are  retained.     The  orifices  of 


t^ — .» 


.^^tf:. 


w.  .-£.iS. 


^...±:^a 


>;[ 


•^t 


Figs.  312.— Measurement  of  Water,  Italy. 

discharge  are  formed  of  the  hardest  description  of  stones  to 
be  found  in  the  country,  or  occasionally  of  cast  or  wrought 
iron,  and  are  cut  square  without  any  bevel,  or  the  addition  of 
anything  like  a  funnel  capable  of  facilitating  the  discharge. 
There  are  no  prescriptions  as  to  the  thickness,  which  under 
these  circumstances  is  regulated  by  the  width  of  the  opening; 
and  this  latter  dimension  is  usually  made  of  the  width  neces- 
sary to  pass  six  ounces ;    when  more  than  six  qtuicacl  «3:^ 
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required  to  be  passed,  the  nnmber  of  orifices  is  increased. 
The  coDdactor  is  formed  upon  the  banks  of  the  canal  leading 
from  the  main  stream,  by  means  of  wing  walls  of  masonry, 
and  the  sill  is  usually  placed  at  the  floor  line.  If  the  ground 
be  of  a  soft  or  yielding  nature,  the  portion  exposed  to  the 
wash  of  the  water  must  be  paved,  especially  in  the  part 
where  a  species  of  cataract  will  exist.  The  opening  of  the 
conductor  a  b  of  Fig.  818  is  made  equal  in  width  to  that  of 


Tig  313. — Meaanrement  of  Water. 

the  orifice  of  discharge,  but  the  height  is  not  limited.  The 
rectangular  space  c  c,  d  d^  is  made  about  20  feet  in  length, 
and  10  inches  wider  on  each  side  than  the  orifice  of  discharge, 
and  the  floor  of  this  space  is  laid  with  a  rise  of  16  inches  in 
the  total  length,  towards  the  orifice  g  h.  At  the  level  c  d  o( 
Fig.  814  is  a  flooring,  placed  for  the  double    purpose  of 


Fig.  314. — ^Measurement  of  Water, 

preventing  the  water  from  rising  beyond  the  prescribed 
height,  and  for  preventing  any  movement  or  agitation  on  its 
surface.  The  entry  to  this  covered  portion  of  the  gauge  is 
formed  by  a  stone  lintel,  the  underside  of  which  is  exactly 
level  with  the  top  of  the  oiifice,  and  consequently  4  inches 
below  the  surface  of  the  water ;  and  as  the  height  of  the 
oriiiee  is  always  8  incheA,  ooi^  V)^^  t\&^  ^1  >^<^  vd^idcc&L^^^iAaBA 
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is  16  inches,  the  underside  of  this  lintel  is  necessarily  2  feet 
above  the  sill  of  the  slaice.  Immediately  beyond  the  orifice 
is  the  tail  chamber,  which  is  made  4  inches  on  each  side 
wider  than  the  orifice ;  its  length  is  usually  18  feet,  and  at 
the  farther  extremity  its  width  is  made  6  inches  on  each  side 
wider  than  at  the  commencement.  A  small  drip  of  2  inches 
is  formed  at  the  commencement  of  the  tail  bay,  and  an 
inclination  of  2  inches  is  given  from  thence  towards  the 
extremity.  Gauges  of  this  description  require  a  minimum 
difference  of  level  of  8  inches  between  the  water  on  the 
respective  sides  of  the  sluice,  and  so  cannot  be  applied  upon 
canals  with  less  than  8  feet  of  water. 

It  must  be  evident  that  a  gauge  such  as  is  above  described 
is  far  from  being  theoretically  perfect.  Indeed  there  can  be 
no  question  but  that  the  interference  of  the  contraction  of  the 
fluid  vein  upon  the  discharge  of  a  small  orifice,  must  be  far 
greater  than  that  which  takes  place  in  a  large  one ;  and  it 
has  actually  been  found  that  the  discharge  through  a  single 
orifice  of  6  ounces  exceeds  that  which  would  take  place 
through  six  smaller  orifices  of  1  ounce  each,  in  the  ratio  of 
282  to  222.  For  all  practical  purposes,  however,  the  Italian 
engineers  consider  these  gauges  to  be  sufficiently  correct ; 
but  they  do  not  allow  more  than  6  ounces  to  pass  through 
any  one  opening. 

It  is  necessary  to  construct  waste  weirs  and  overflows 
upon  the  sides  of  the  main  conductor,  especially  when  the 
stream  from  which  the  water  is  supplied  is  liable  to  sudden 
and  considerable  variations  in  its  volume. 

In  some  parts  of  France,  and  in  the  Milanese  territory,  a 
supply  of  water  for  irrigation  has  been  obtained  from  artesian 
wells ;  and  when  the  spring  which  feeds  this  well  rises  from 
a  considerable  depth,  it  is,  generally  speaking,  of  a  very 
superior  quality  for  the  purpose  in  view.  The  higher  tem- 
perature of  the  waters  thus  obtained  to  that  of  river  waters, 
is  of  itself  an  important  recommendation  in  theix  Ca^^o^ast^^scs.^ 
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it  iH  indeed  one  reason  why  tbey  are  prineipftlty  used  in 
Northern  Italy  for  the  "  marcite,"  or  winter  meadows.  At 
times,  also,  the  mineral  elements  contained  in  well  mien 


are  of  great  value  ;    but  it  is  rarely  that  the  volume  tbey 
furnish  is  sufficient  for  an  extensive  application.     In  other 


Fig,  aia —Fadonf. 


reraian  WIimI. 


conntries,  especially  in  warm  latitndes,  mechanical  means  are 
resorted  to  for  the  purpose  of  raising  the  water  to  the  height 
roqoired;    and   windmills,   norias,   (^Fig.  8161.   awapea,   or 
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fadoufs   (Fig.  816),   Persian   or  bucket  wheels   (Figs.  817 
and  818),  may  frequently  be  seen  in  motion  with  that  object. 


Figs.  S18.— Persian  Wheels. 

The  noria  is  indeed  one  of  the  characteristic  instruments 
of  the  Moorish  agiiculture,  and  may  be  observed  in  all  the 
countries  where  the  Saracens  settled  for  any  length  of  time ; 
whilst  the  *'  fadouf  *'  may  be  observed  in  the  records  of 
Egyptian  civilisation  recorded  in  their  temples  or  hiero- 
glyphical  writings.  In  our  own  country  steam  power  has 
been  applied  for  raising  drainage  waters ;  but,  with  the 
exception  of  the  small  works  executed  at  Rugby  for  the  dis- 
tribution of  the  town  sewerage,  the  author  is  not  aware  of  the 
erection  of  any  steam-engine  exclusively  for  irrigation  pur- 
poses, though  there  can  be  no  doubt  but  that  such  an 
application  would  be  highl}'  profitable  in  many  cases. 

There  is  one  of  those  questions  of  detail  which  certainly 
merits  more  attention  than  it  has  hitherto  received  from  our 
agricultural  engineers,  namely,  whether  or  no  it  be  necessary 
to  manure  the  lands  to  be  irrigated  ?  It  would  appear,  from 
what  has  been  hitherto  recorded,  that  the  answer  to  this 
question  would  depend  mainly  upon  the  quantity  of  water  to 
be  distributed,  upon  the  relative  natures  of  the  soil  and  of 
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the  waters.  The  German  irrigators,  who  are  able  to  dispose 
of  large  quantities  of  water,  as  we  also  are  in  England,  have 
a  popular  proverb  to  the  effect  that  ''  he  who  has  water  has 
grass ;"  but  in  the  north  of  Italy,  where  the  supply  of  water 
is  limited,  the  universal  practice  is  to  manure  the  lands 
highly  before  commencing  a  course  of  irrigation.  In  the 
granitic  districts  of  Northern  Spain  there  does  not  appear  to 
be  any  reason  for  the  application  of  any  fertilising  ingredients 
beyond  those  which  are  supplied  by  the  water  itself ;  and 
even  in  parts  of  the  Campine,  or  the  plains  near  Antwerp, 
meadows  are  known  to  be  annually  improved  simply  by  the 
application  of  water  without  the  addition  of  any  manure. 
The  grasses  in  our  northern  latitudes  act,  indeed,  to  convert 
the  mineral  and  organic  matters  contained  in  the  waters  for 
their  own  nourishment ;  but  in  warmer  latitudes  the  function 
discharged  by  the  waters  distributed  by  irrigation  is  to 
facilitate  the  assimilation  of  the  elements  required  for  the 
growth  of  the  plants,  rather  than  themselves  to  furnish  those 
elements. 

Generally  speaking,  the  turf,  or  the  natural  grass  surface 
of  a  country  laid  out  for  irrigation,  will  suffice  for  the  cover- 
ing of  the  ground  over  which  the  water  is  to  flow ;  but  as  it 
may  occasionally  be  necessary  to  sow  grasses  for  the  purpose 
of,  as  it  were,  creating  a  new  vegetation,  it  may  be  worth 
while  to  give  a  translation  of  the  mixtures  of  seeds  which  are 
recommended  by  the  most  practical  foreign  irrigators  for  the 
various  descriptions  of  soils.  Thus,  for  sandy  soils,  a  mix- 
ture is  recommended  composed  of  the  seeds  of — 

1.        Fhelum  pratense 2  lbs. 

Agrostifl  vulgaris 
Holcus  lanatufl    . 
Poa  trivialis 
IVifolium  repens 
Medicago  maculata 
LathyruB  pratensis 

Per  wst^ "iRj^o^. 


6 

4 

6 

12 

3 

3 
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2.  For  a  sandy  soil  with  a  slight  mixture  of  clay  : 

Phelum  pratense 2  lbs. 

Poa  tri\'ialU 
Festuca  elatior    . 
Lolium  porenne  . 
Avena  pubescens 
Yicia  Bepium 
Lotus  comiculatus 
Trifoliuxn  pratensis 

Per  acre 


8.  For  calcareous  soils  : 

BromtiB  pratensis 
Dactilifl  glomerata 
Avena  elatior     . 
Lolium  perenne . 
Poa  trivialia 

pratensis     . 

augustifolia 
Medicago  macolata 
Trifolium  pratense 
fragifemm 


i» 


)» 


t9 


Per  acre 

4.  For  stiff  clayey  soils 

Fhleum  pratense 
Alopccurus  pratensis 
Poa  trivialis 
Fustaca  pratensis 
„       elatior  . 
Peucedannm  officinale 
Medicago  maculata 
Trifolium  pratense 
Lathyras  pratensis 
Yicia  sepium 

Per  acre 


6 

6 

4 

3 

2 

2 

10 

35  lbs. 


5  lbs. 

4 

4 

2 

9 

2 

2 

2 

6 

4 

40  lbs. 


2  lbs. 

4 

f» 

9 

>» 

4 

»t 

3 

i» 

3 

11 

2 

»» 

10 

»» 

2 

If 

2 

t> 

41  lbs. 


Of  coarse  it  must  not  be  considered  that  the  attempt  to  fix 
these  proportions  is  an3rthing  more  than  a  rude  attempt  to 
fix  the  composition  of  the  grains  to  be  aowu;  aad  ev^t^ 
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farmer  mast  exercise  his  own  discretion  as  to  the  precise 
nature  of  the  mixture  he  will  employ.  If  sowing  should  be 
resorted  to,  it  would  appear  that  in  our  northern  parts  of 
Europe  the  most  advantageous  period  for  performing  that 
operation  is  about  the  month  of  March ;  and,  for  the  purpose 
of  protecting  the  young  plants,  it  is  customary  to  sow  some 
of  the  cereal  crops  at  the  same  time  with  the  grasses.  Oats 
seem  to  be  the  most  useful  in  such  cases,  and  they  are  cut  in 
flower,  to  be  used  as  fodder ;  or  the  buckwheat  may  be  used, 
provided  it  be  not  allowed  to  shed  its  grain,  for  otherwise 
the  new  plants  would  run  the  risk  of  being  smothered  by  it 
When  water  is  used,  as  in  the  warmer  regions  of  the  East, 
for  garden  cultivation,  the  manner  of  its  application  most 
vary  essentially  from  that  resorted  to  in  North- Western 
Europe  for  meadow  lands,  on  account  of  the  different  function 
it  has  to  perform.  In  the  former  case  the  water  principally 
acts  to  refresh  the  vegetation  and  to  facilitate  the  assimilation 
of  its  nourishment,  and  it  is  therefore  made  to  infiltrate  the 
ground,  instead  of  flowing  over  it  in  a  uniform  stream,  as  is 
the  case  in  water  meadows.  The  intervals  between  the 
watering  of  the  irrigated  meadows,  however,  enables  that 
class  of  operation  to  be  carried  on  more  economically  (so  far 
as  the  mere  consumption  of  water  is  concerned)  than  when, 
as  in  garden  irrigation,  the  feeding  channels  must  be  kept 
constantly  full ;  and  thence  it  happens  that  the  latter  opera- 
tion is  rarely  performed  when  the  supply  of  water  is  ob- 
tained from  reservoirs.  Wherever  in  the  East  a  permanent 
supply  has  been  obtained,  the  garden  cultivation  has  been 
applied ;  and  it  might  almost  be  said  that  in  those  regions 
irrigated  orchards  and  gardens  take  the  place  of  our  meadows. 
The  dry,  clear,  burning  atmosphere  has  indeed  there  ren- 
dered irrigation  necessary  not  only  for  the  plants,  but  also 
for  the  comfort  of  man,  and  even  the  worst  regular  govern- 
ments have  striven  to  «ec\ite  that  blessing.  In  the  plains  of 
Syria,  and  in  the  domvnioiia  ol  \^cL^'\L^^sas£L^^'NDk\QaJL^ 
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India,  great  works  have  thas  been  undertaken  for  this  pur- 
pose ;  and,  indeed,  the  engineers  of  oar  East  India  Company 
have  lately  had  little  else  to  do  with  the  irrigation  canals  of 
their  predecessors  than  to  repair  and  slightly  redress  them, 
in  order  to  restore  their  efficiency.  There  is  one  difference, 
however,  between  the  irrigation  provided  in  Syria  and  that 
of  our  Indian  possessions,  viz.,  that  the  former  is  almost 
exclusively  devoted  to  garden  cultivation,  whilst  the  latter  is 
occasionally  applied  to  the  growth  of  rice,  and  the  enormous 
quantities  of  water  which  the  East  Indian  engineers  are  able 
to  dispose  of  have  enabled  them  to  combine  other  commercial 
applications  of  water  with  the  one  they  principally  had  in 
view.  But  whilst  dwelling  upon  this  part  of  the  subject,  it 
may  be  as  well  to  observe,  that  at  all  times,  and  in  all 
climates,  the  tendency  of  irrigation  is  to  develop  in  the 
plants  receiving  it  a  growth  of  the  leaves  at  the  expense  of 
the  fruit  or  grain.  This  is  especially  the  case  in  warm 
climates,  where  all  the  operations  of  nature  take  place  on  an 
extended  scale ;  but  the  effect  of  the  law  is  to  exclude  cereal 
crops  from  the  system  of  agriculture  in  irrigated  districts, 
unless  the  cereals  themselves  should  be  of  a  peculiar  nature, 
such  as  the  rice,  and  perhaps  also  the  Indian  corn.  More- 
over, although  in  India  the  great  feeders  for  irrigation,  canals, 
are  at  times  made  to  facilitate  a  species  of  canal  navigation, 
and  to  drive  mills,  the  economical  results  of  such  mixed 
syi^ems  have  hitherto  been  more  than  questionable. 

In  the  warmer  latitudes,  as  has  been  before  observed, 
water  is  largely  used  for  the  purpose  of  creating  artificial 
rice-grounds,  and  the  conditions  of  the  growth  of  that  plant, 
as  well  as  those  of  the  application  of  water  to  it,  are  suffi- 
ciently distinct  from  the  conditions  which  prevail  in  ordinary 
irrigation  to  justify  a  passing  reference  to  them.  Now,  the 
rice  is  essentially  an  aquatic  plant,  and  it  only  grows  in 
latitudes  situated  below  the  parallel  of  46°  north.  During 
its  growth  it  requires  to  be  constantly  immersed  in  ^voJti^t  \ 
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and  it  would  seem  that  the  quality  of  the  land  upon  which  it 
is  grown  is  a  matter  of  far  less  importance  than  that  of  the 
water  employed,  and  that  the  water  is  by  so  much  the  more 
fitted  for  the  irrigation  of  rice-fields  as  it  is  charged  with  the 
greater  quantity  of  extraneous  matter.  For  this  reason  river 
and  pond  waters  are  preferable  to  spring  waters ;  and,  indeed, 
the  coldness  and  purity  of  the  latter  are  at  times  so  objec- 
tionable in  rice-fields,  that  it  is  considered  necessary  to  expose 
them  in  shallow  reservoirs,  and  to  mix  them  with  animal 
manure  before  pouring  them  upon  the  land.  It  is  osuaUy 
calculated  that  the  quantity  of  water  required  to  irrigate  a 
rice-field  is  about  1  cubic  foot  per  minute,  and  per  acre. 
This  style  of  cultivation  may  either  be  permanent,  or  it  may 
form  part  of  a  rotation :  in  the  first  case  it  is  adopted  beeaaee 
the  land  is  marshy,  either  from  the  want  of  outfall  or  from 
the  springs  rising  in  it ;  in  the  second,  a  species  of  artificial 
irrigation  is  required  for  every  crop  of  rice  which  is  to  be 
raised  from  the  land. 

Whatever  may  be  the  nature  of  the  ground  to  be  con- 
verted into  rice-lands,  the  first  condition  required  is  thai 
the  water  should  be  kept  continually  in  motion,  and  that  all 
of  it  which  is  brought  upon  the  land  should  be  removed.  A 
series  of  plane  surfaces  must  thus  be  formed,  so  that  no  part 
of  the  land  may  be  left  dry,  and  that  the  water  may  not  be 
allowed  to  stagnate  in  any  part.  After  the  land  has  been 
properly  levelled,  it  is  to  be  ploughed,  and  then  the  retain- 
ing banks  are  to  be  formed  ;  of  these  there  are  two  sorts : 
1st,  the  longitudinal  ones,  or  those  which  have  the  same 
direction  as  that  of  the  stream,  and  which  are  intended  to  last 
as  long  as  the  field  is  laid  down  in  rice ;  and  2nd,  the  trans- 
verse banks,  which  intercept  the  current  in  an  angular 
direction,  so  that  when  the  banks  are  completed  the  rice- 
field  will  be  divided  into  a  series  of  polygons.  The  sizes  of 
these  polygons  is  pimci^ollY  regulated  by  the  difference  of 
levela  of  the  plauoB  \iiem^^Vi^^\  wi\  *0ckss^  ^^  T&ati^<^  the 
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smallest  in  those  cases  wherein  the  inclination  is  the  greatest, 
in  order  to  economise  the  labour  of  disposing  them  in 
horizontal  planes.  Moreover,  the  dimensions  of  these 
fields  are  limited  by  the  consideration  that  the  larger  they 
are,  the  greater  probability  there  mast  be  that  the  wind  may 
tear  np  the  young  plants.     It  is  usual  to  make  the  banks 


Fig.  819.— Iirigation  of  Race  Londa. 

about  6  inches  above  the  ground  on  the  upper  side  of  the 
field,  and  about  2  feet  above  that  level  on  the  lower  side  ; 
the  width  is  never  less  than  6  inches  at  the  crown  ;  but  as 
the  top  of  the  bank  often  serves  for  a  road,  as  well  as  for 
the  immediate  object  of  their  formation,  the  width  may  vary 
indefinitely.  They  are  made  with  the  earth  taken  from  the 
lower  parts  of  the  field  ;  and  when  they  are  roughly  termi- 
nated, the  water  is  let  into  the  first  division  and  allowed  to 
rise  about  5  inches  all  over  the  surface.  Openings  are  then 
made  in  the  lower  banks,  and  water  is  successively  let  into 
them,  so  that,  in  fact,  the  whole  of  the  field  is  converted 
into  a  succession  of  small  ponds,  separated  by  the  several 
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banks.  Daring  the  whole  of  the  growth  of  the  plant,  it  k 
thns  exposed  to  be  irrigated  by  flooding ;  but  the  extent  and 
the  manner  of  this  flooding  will  vary  with  the  health  of  the 
plant,  its  degree  of  matnrity,  and  the  violence  of  the  wind. 
It  becomes,  therefore,  necessary  to  regulate  the  admission  of 
the  water  in  such  a  manner  as  to  be  able  to  control  its  flow 
at  any  moment,  and  even  occasionally  to  shut  it  off  entirely. 
After  the  rice  crop  has  been  carried,  all  the  water  is  with- 
drawn, and  the  land  is  left  exposed  to  the  action  of  the 
atmosphere  throaghoat  the  winter,  and  nntil  the  spring. 

In  the  Hamber  district  it  is  fonnd  that  the  warped  landi 
are  at  first  cold  and  raw,  and  that  they  reqaire  a  peenliir 
treatment  for  agricultural  purposes.  Thus  they  are  not 
favourable  for  the  growth  of  com ;  oats  may  succeed  upon 
them,  but  barley  never  will.  The  rotation  usually  adopted 
is  as  follow : — The  new  warp  is  sown  with  grass  for  two 
years  ;  on  the  third  year  wheat  is  sown ;  on  the  fourth, 
beans ;  on  the  fifth,  wheat  again.  Should  the  ground  thus 
waq)od  be  found  to  contain  too  much  salt,  it  must  be  exposed 
to  the  air  for  some  time  before  being  brought  into  cultiva- 
tion ;  and  at  all  periods  it  is  found  to  be  objectionable  to 
allow  the  salt  warp  to  deposit  upon  growing  grasses.  Indeed, 
in  Yorkshire,  it  is  customary  to  let  the  newly -warped  land 
lie  fallow  for  twelve  months  before  sowing  the  grass,  and 
to  let  on  the  waters  after  the  second  crop  of  wheat  has 
been  raised. 

There  is  a  system  which  acts  principally  by  infiltration,  and 
is  applied  in  hilly  districts  as  much  for  the  purpose  of  ob- 
viating any  raviucmeut,  so  to  speak,  of  the  vegetable  soils  on 
their  inclined  slopes,  as  it  is  for  the  purpose  of  irrigation 
strictly  speaking.  The  feeders  are  in  this  case  made  as 
horizontal  as  possible,  and  the  banks  are  raised,  so  that  the 
water  shall  not  flow  over  the  sides  ;  but  it  is  allowed  to  per- 
meate the  soil  in  a  manner  dependent  of  course  upon  the  cha- 
racter of  the  latter.     la  Devonshire,  &c.^  as  was  before  said, 


IRRIGATION   OF   LAND.  625 

a  modification  of  this  system  is  adopted,  under  the  name  of 
the  catch-water  meadows,  which  consists  in  allowing  the  water 
to  flow  over  the  edge  of  the  lower  sides  of  the  feeders  in  a 
small  shallow  stream,  to  he  collected  in  a  series  of  parallel 
lower  horizontal  feeders  which  retard  its  velocity,  and  retain 
any  vegetable  or  alluvial  matters  the  waters  might  remove. 
A  drain  is  usually  carried  from  the  top  to  the  bottom  of  a 
meadow  of  this  description,  at  right  angles  to  the  feeders, 
for  the  purpose  of  removing  the  water  from  them  if  required ; 
but  the  entrances  to  these  drains  are  closed  when  the  irriga- 
tion is  to  be  effected.  Catch- water  irrigation,  it  may  be 
added,  is  executed  at  a  much  cheaper  rate  than  any  other. 
For  it  is  usually  calculated  that  the  first  cost  of  laying  down 
any  large  area  on  a  system  of  bed-work  irrigation  is  about 
JglO  per  acre,  whilst  that  of  a  system  of  catch- water  irriga- 
tion is  only  about  £5  per  acre.  In  the  case  of  the  Duke  of 
Portland*s  celebrated  water  meadows  at  Mansfield,  the  total 
outlay  was  not  less  than  £80  per  acre  ;  but  as  it  is  tolerably 
well  known  that  the  enhanced  value  of  irrigated  land,  as 
compared  with  ordinary  land,  is  not  less  than  from  £1  10s. 
to  £2  per  acre,  it  is  strange  that  so  httle  attention  should  at 
the  present  day  be  paid  to  the  subject.  In  India,  the  irri- 
gation works  have  yielded  at  least  from  40  to  60  per  cent, 
on  the  outlay  ;  and  though  we  cannot  expect  in  England  to 
obtain  equally  brilliant  results,  there  is  no  reason  to  doubt 
but  that  operations  of  this  description  would  still  be  eminently 
successful.  The  irrigation  of  the  barren  sands  of  the  Cam- 
pine  by  the  waste  waters  of  the  canal  from  the  Meuse  to  the 
Scheldt,  it  would  have  been  supposed,  would  have  induced 
the  persons  interested  in  the  suffering  canal  property  of 
England  to  examine  whether  the  sale  of  their  waste  waters 
might  not  compensate  to  them  in  some  manner  for  the  de- 
struction of  their  carrpng  trade  by  the  railways.  The  old 
Dutch  engineers,  who  designed  the  irrigation  of  the  valley 
of  the  lichen,  in  Hampshire,  made  a  xei'^  ct^^cyXsiW^  ^JCvkos^ 
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to  apply  a  mixed  system  of  canal  and  irrigation  works:  credit- 
able, that  is  to  say,  when  the  state  of  the  science  of  applied 
hydraulics  in  their  day  is  taken  into  account ;  and,  not  to 
leave  the  county  of  Hampshire  itself,  it  most  appear  strange 
that  the  Basingstoke  Canal  proprietors  have  not  attempted 
to  apply  the  lesson  they  might  have  learnt  from  their  pre- 
decessors. 
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Cherbourg,  Digue  at,  376 

ChesU  beach,  323 

Chicago,  crib-rwork  breakwater 
at,  403 

Civil  Engineer,  business  of,  1 

Civil  Engineering,  synopsis  of,  3 

Clark,  Edwin,  hydraulic  lift  by, 
for  floating  docks,  476 

Clifis,  undermining  of,  332,  336, 
344 

Clifton  Suspension  Bridge,  270 

aifton  tunnel,  317 

Clontarf  Estuary,  sea  embank- 
ment across,  361 

Coast,  sea,  effect  of  waves,  tides, 
and  currents  on,  332,  341,  344. 
(See  Marifte  Engineering.) 

Cockbum-Muir,  W.  J.,  tramway 
by,  156 

Cofferdams,  61 ;  at  St.  Kathe- 
rine*s  Docks,  62  ;  at  Houses  of 
Parliament,  61 ;  at  Great 
Grimsby  Docks,  62;  at  Vic- 
toria Embankment,  67  ;  at  New 
South  Dock,  West  India  Docks, 
466 

Compound  engine  and  pump,  609 

Concrete,  22 ;  for  bridge  founda- 


tions,   61 ;    for    breakwaters, 
391,  403,409 ;  in  sea  walls,  403 

Concrete,  bags  of,  in  submarine 
construction,  404,  448 

Conduits  for  water  supply,  616; 
Conduit  of  the  Pont  du  Gard, 
616 

ConfervflB,  growth  of,  in  pure- 
water  tanks,  498 

Constantinople,  tramways  in,  149 

Construction,  materials  employed 
in,  8 ;  metals,  14,  24 ;  timber, 
16;  building  stones,  19;  arti- 
ficial stones  and  cements,  20; 
concrete,  22 

Different  kinds  of  construc- 
tion, 28 ;  brickwork,  28  ;  ma- 
sonry, 29 ;  carpentry,  30 ; 
foundations,  43 

Copbmd,  asphaltic  wood  pave- 
ment by,  96 

Crane,  steiun  hydraulic  travelling, 
at  Kurrachee,  407 

Crenier,  Le,  sleeper,  134 

Creosoting  timber,  17,  27 

Crib- work,  36;  rivers  dams  of, 
208 ;  breakwaters,  in  America, 
401 ;  at  Chicago,  403 

Crinan  Canal,  177 

Croydon  tramways,  169 

Cubitt,  Sir  William,  dams  in  the 
river  Severn  by,  207 

Culverts,  36 

Currents  in  the  sea,  326  ;  velocity, 
328 

Cuttings  and  embankments  of 
railways,  108 ;  type-sections, 
103;  cuttings  on  the  London 
and  Birmingham  Railway,  104  ; 
Newcastle  and  Carlisle  Rail- 
way, 106 ;  slips,  106 


DAMS,    in  rivers,   206;   dams 
for  reservoirs,  491 
Davey's  direct-acting  compound 

engine  and  pump,  609 
Deacon,  G.  F.,  on  steam  rollera 
in  Liverpool,  78;  stone  pave- 
ment in  Liverpool,  92 ;  tram- 
ways in  Liverpool,  162;  on 
waste  of  water^  qii<1  kiotc^s^ax)^ 
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supi'lv  vcraus  intermitttiit  Mip- 
ply,  501 
Dee,    river,     Grosvenor    Bridge 

over,  236 
Delaware  Bay,  breakwater  in,  380 
Denmark,  dykes  on  the  coast  of, 

353  ;  fascine  dykes,  355 
Derby,  cost  of  maintenance  of 

macadam  roads  in,  80 
Digue  at  Cherbourg,  375 
Docks,  classiiication  of,  452  ;  Li- 
verpool docks,  452 ;  construc- 
tion of  docks,  457;  over-boring, 
458 ;    hydraulic    power,    459  ; 
New  South  Dock,  Isle  of  Dogi*, 
459  ;  graving  docks,  469 ;  grav- 
ing   dock,    New    York,    469; 
floating  docks  at  Cartagena  and 
Ferrol,  472 
Docks,  Great  Grimsby,  cofferdam 

for,  52 
Docks,  St.  Katherine's,  cofi'erdam 

for,  52 
Docks,  Sunderland,  groins  for  the 

foreshore,  340 
Docks,  floating,  hydraulic  lift  for, 

by  Edwin  Clark,  475 
Dock  walls,  equilibrium  of,  42. 
(See  Quay  Walls,— Bock  JFa lis.) 
Dora    Hiparia,   bridge    over,   at 

Turin,  241,243 
Douglas,  Morris  Canal  by,  172 
Dover,  pier  at,  427 
Drainage  of  land,  532 ;  regula- 
tion of  rivers,  535 ;  new  chan- 
nels, 536  ;  drains,  538 ;  drain- 
age of  marsh  lands,  544  ;  treat- 
ment of  land  springs,  538,  546  ; 
machines    for    raising  .  water, 
547 ;  drainage  of  bogs  in  Ire- 
land,   548 ;    drainage    of    the 
Fens,  548 ;   repair  of  the  St. 
Germains'  Sluice,  561 
Drainage    of    towns,    564 ;    in- 
fluence of  the  soil,  566;  out- 
fall,  568 ;   storm- waters,  569 ; 
sewers,  570,  576,  588,  692 ;  dis- 
posal of  sewage,  573;  junctions 
of  sewers,   577 ;    gimy  traps, 
677,  679,  581 ;    ventilation  of 
sewers,  57  B;  main  dxama^c^  of 
London,    681 ;    TYiamea  'Easi- 


baoknioui,  oNS ;  draiaug'o  of 
Paris,  591 ;  Drainage  of  Ham- 
burg, 594 

Drainage,  catch-water,  555,  556, 
662,  563 

Drains,  for  land,  538 

Dublin,  Port  of,  breakwater  at, 
concrete  blocks  on  foreshore 
of,  391 ;  quay  walls  of  concrete 
for,  442 

Dumas  on  "the  maximum  of 
beauty  "  of  a  road,  83 

Dundee,  gully -trap  for  sewers  in, 
577 

Dykes,  349;  dykea  in  Holland, 
349;  at  Havre,  349;  puddle 
dykes,  349  ;  dykes  in  Denmark, 
353;  fascine  dykes,  Holland, 
355  ;  dykes,  for  rivers,  189 

Dymchurch  wall,  363 

EDGE  rail,  108 
Edinburgh,   mound  tunnel 
at,  320 ;  utilisation  of  sewage 
at,  673 

£lkington*s  rule  for  treatment 
of  land  springy,  546 

Ellesmere  and  Chester  Canal, 
aqueduct  of  Pont-y-Cysyllte, 
169  ;  Chirk  Aqueduct,  170 

Embankment,  Thames,  688 

Embankments,  sea,  358  ;  of  For- 
ness  Railway,  358 ;  Morecambe 
Bay,  359  ;  J.  Brunlee*s  experi- 
ments on  slopes,  369 ;  Clontarf 
Estuary,  361 ;  Malahide  Estu- 
ary, 361 ;  Dymchurch  sea  wall, 
362,  363 ;  St.  Mary's,  Kent, 
363;  sea  wall,  Penmaenmaur, 
364  ;  breakwater  for  sea  wall, 
364 

Embankments,  for    redamation, 

597 
Embankments.  (See  Cuttin^Msni 

Embankments.) 
Erie,  Lake,  breakwater  in,  382 
Eytelwein's  formula  for  flow  of 

water  in  pipes,  512 


\ 


EADOUF,  616 
Fascines,  for  river    banks, 


INDEX. 


631 


Fascine  dykes,  in  Holland,  366 ; 
in  Denmark,  365 

Fascine  piers,  at  Rotterdam,  432 

Fens  in  Lincolnshire,  drainage 
of,  648 

Filtration  of  water,  494  ;  filtra- 
tion reservoir,  496 ;  filter  beds 
and  pure-water  tank,  Leicester, 
497 

Fink-truss  bridge,  266 ;  bridge 
across  the  Monongahela  River, 
267 

Fish-plates  of  rails,  122,  130,  131 

Floyd,  T.,  tramway  by,  with 
girder  rail,  169 ;  asphaltic 
pavement  for  tramways,  160 

Forth  of  Qyde  Canal,  177 

Foundations,  methods  of  forming, 
43 ;  piles,  43 ;  piled  founda- 
tions, 44  ;  inverted  arches,  4  4  ; 
screw-pile,  46 ;  foundations  on 
inclined  strata,  46 ;  on  clay,  47 ; 
on  gravel  or  dry  sand,  47; 
pile  foundations,  48 ;  hydraulic 
foundations,  61 ;  cofi'erdams, 
61 ;  cylindrical  foundations,  61. 
(See  Bridges,  Docka^  Quay  Walls, 
—Dock  Walls.) 

Fowler,  John,  standards  of  per- 
manent way  by,  122 ;  cast-iron 
bridges  by,  248 

France,  roads  in,  81 ;  currents  on 
west  coast  of,  326 ;  utilisation 
of  sewage  in,  674 

Frost,  James,  his  patent  for 
building  in  water  by  concrete 
in  bags,  403 

Fumess  Railway,  sea  embank- 
ments on,  368 

G  ALTON,  Captain,  on  the  per- 
manent way  of  the  Pennsyl- 
vania Railroad,  131 

Gard,  Pont  du,  conduit  of,  in- 
crustation of,  616 

Gauges  of  railways,  100 ;  broad 
gauge  versus  narrow  gauge, 
102 

Giles,  A.,  dock  wall  by,  446 

Glasgow,  brick  cylinder  founda- 
tions for  Plantation  Quay, 
460 


Glasgow  Corporation  tramways, 
161  ;  waterworks,  314,  520 

Glasgow  Harbour  tramway,  166 

Grasses,  618 

Great  Eastern  Railway,  Black- 
wall  branch,  steel  rails  and 
iron  rails  on,  120 

Great  Grimsby  Docks,  timber 
pier  at,  431 

Great  Western  Railway,  perma- 
nent way  of,  114 

Greaves' s  bowl  sleepers,  133 

Greenock,  Albert  Harbour, 
framed  system  of  construction, 
401 

Greenore,  quay  at,  447 

Groins,  338;  for  Sunderland 
docks,  340 ;  on  east  coast,  344 

HAMBURG,  drainage  of,  694 
Harbours,  366 ;  ports,  366 ; 
roads,    366 ;    inner    harbours, 
370 ;  harbours  of  refuge,  373 ; 
commercial  harbours,  373 

Harrison,  T.  E.,  construction  of 
quay  walls  on  cylinders,  450 

Hartley,  Grosvenor  Bridge  at 
Chester,  by,  236 

Hartwich's  iron  permanent  way 
for  railways,  1 35  * 

Havre,  puddle  dyke  at,  349,  36 1 ; 
south  pier  at,  420 ;  quay  wall 
at,  439 

Hawkshaw,  Sir  John,  Charing- 
Cross  Bridge  by,  263 ;  New 
South  Dock,  West  India 
Docks  by,  469 ;  pumping  ma- 
chinery by,  on  Hobhole  drain. 
East  Fen,  667;  repair  of  St. 
Germains'  Sluice,  661 

Hawksley,  T.,  on  the  action  of 
sand  in  filtration,  496 ;  filter- 
beds  and  pure- water  tank,  Lei- 
cester Waterworks,  497 ;  con- 
stant supply  versus  intermittent 
supply,  600,  602 ;  waste  of 
water,  601 ;  formula  for  flow 
of  water  in  pipes,  613 

Haj-wood,  Col.,  on  the  cost  and 
life  of  stone  pavement  in  the 
City  of  London,  91 

Hemans,   G.   W.,    sea  embank- 


meat  by,  acroK  Clontorf  EstD- 
&ry,  361 

HeDson'B  wood  pavement,  97 
Hilf' B  iron  pemument  vaj  for 

railways,  lUd 
Holland,  dykes  in,  349,  352  ;  Ua- 

cine  dykes,  3dS  ;  ATobimedeaD 

screw  for  draininf-  land,  547 
Holyhead  Breakwater,  366 
UonSeur,  jelty  at,  423 
Hopkins,    George,   tramways  in 

Liverpool  by,  148 
HowocUi  oD  the  cost  of  Henson's 

wood  pavement,  97 
Huelva  Pier,  433 
Hull,  quay  wallsof  Albert  Docks 

at,    444;    of   Junction    Dock, 

445 
Humber,  reolamatioo  of  land  on 

the  banks  uf,  601,624 
Hydraulic  engineering,  477.  (See 
W^Ur,  Supply   a/.    (»    toi«,., ; 

Drainngi  of  Land  ;  Drainaqe  ef 

Toma;  IrrigBtion  of  Land.) 
Hydraulic  foundations,  SI 
Hydraulic  machinery,  by  Sir  W. 

'G.  Armstrong  &  Co.,  466 

INDIA,  BtonoB  used  for  mac- 
adnm  in,  84  ;  irriguttoD  io,  620 

Ireland,  bog;a  in,  di^jnage  of,  648 

Iron,     (SeeJfffa/..) 

IirigatioD  of  land,  603 ;  waters 
best  fitted  for  irrigation,  603  ; 
soils  best  adapted,  604 :  method 
of  distribution  of  water,  607  ; 
artificial  ceservoirs  of  water, 
607 ;  preparation  of  the  land, 
60S  ;  waturcoutscs  or  conduits, 
610  ;  measurement  of  water  in 
Italy,  613;  waste  wcits  imd 
overflows,  G13 ;  machines  for 
raiein^  water,  616;  nee  lands, 
621 ;  irrigation  by  iulillration, 
624 

Italy,  unit   of   measurement  of 


JETTIES.     (SeoftVrj.) 
JuuctioD   Dock,  Hull,  vallB 


KATBINE,   Loch,  waterwori) 
at,  S21 
Ketling  Camil,  inclined  plane  on, 

172 
Kineaid's  tramway,  1S6 
Kingstown      Harbour,    pier    at, 

42o,  426 
Kunachae,    Manora  breakwater 

at,  406 
Kiutendjie,  south  jetty  at,  409 

LAND,  drainage  of.  (See  Drain- 
age  of  Land.) 

Land,  imgatioo  of.  (See  Irriga- 
tion of  Land.) 

Land,  reclamation  of.  (See  Bttla- 
malion  of  Land.) 

Langley,  on  steel  rails  vtrtttt  iron 
rails,  120 

Laaguedoc  Canal,  177 

Lea,  river,  dams  in,  207 

Lebout,  tramways  in  Conataoti- 
nople  by,  149 

Leicester,  filter-beds  and  p(u«- 
water  tanks  at  the  waterworks, 
497 

Leslie  and  Bateman,  inclined 
planes  by,  on  the  Monkland 
Canal,  173 

Lindloy,  W.,  DrainHge  of  Ham- 
burg by,  69* 

Liverpool,  steam  rollers  at,  78 ; 
cost  of  maintenance  of  macadam 
roads  in,  80;  asphalt -mac- 
adam, 80 ;  stone  pavement,  92 ; 
tramways,  146,  1£2 

Liverpool  Docks,  462 

Liverpool  Waterworks.  Self-act- 
ing valves  on  water-pipea,  611 

Liverpool  and  Manchester  Kail- 
way,  embankment  acroaa  Cbat 
Moss  on,  107 

Iiivosey's  tramways,  164 

London,  macadam  roads  in,  76; 
cost,  79  ;  stone  pavemeuts,  86  ; 
King  WiUium  Street,  87 ;  type 
sections,  87;  Soathwark  Sti^t. 
90,  01 ;  wear  and  duration  of 
stone  pavement,  91,  92  ;  wood 
pavement  in  the  City,  95; 
esfthalt  pavements.  98  ;   North 
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London,  drainage  of,  666 ;  sewers, 
572;  uiain  drainage,  581 

London  and  Birmingham  Rail- 
way, cuttings  on,  104 ;  cutting 
at  Blis worth,  l64  ;  early  per- 
manent way,  116 

London  and  Croydon  Railway, 
cutting  on,  at  New  Cross,  106 

London  and  South- Western  Rail- 
way, Nine  Elms  station,  steel 
rails  verttts  iron  rails  at,  120 

Lovegrove,  cost  of  maintenance 
of  roads  in  Hackney  by,  79 

Lydgate  Tunnel,  316 

Lynde,  J.  H.,  Barker's  tramway 
hy,  157 

Lyons  Railway,  Vautherin  sleeper 
on,  134 

MACADAM  roads,  75;  tear  and 
wear,  76 ;  analysis  of  a 
macadam  road,  76 ;  void  space 
in  macadam,  76  ;  cost,  79 ;  ma- 
terial, 84 

Macadam  roads,  asphalt,  80 

Malahide  Estuary,  sea  embank- 
ment across,  361 

Manchester,  stone  pavements  in, 
93 ;  tramways,  167 

Manchester  and  Sheffield  Rail- 
way, Newton  Green  Embank- 
ment on,  106 

Marine  engineering,  322;  winds 
and  waves,  322;  currents  in 
the  sea,  325 ;  groins,  338 ; 
dykes,  349  ;  sea  embankments, 
358;  harbours,  366;  break- 
waters, 375;  piers,  416;  quay 
walls— -dock  walls,  438  ;  docks, 
452 ;  graving  docks,  469 

Marseilles,  mole  of  La  Joliette  at, 
389 ;  quay  walls  of  Marseilles 
Docks,  445 

Masonry,  29 

McLean,  J.  R.,  sea  embankments 
by,  on  the  Fumess  Railway, 
358 

Mediterranean  Sea,  currents  in, 
326 

Messent,  P.  J.,  foundation  of 
bags  of  concrete,  north  pier, 
T^iiemouth,  404 


Metals,  14,  2^ ;  decay  and  pre- 
servation of,  2 1 

Milan,  utilisation  of  sewage  at, 
574 

Miller,  D.,  framed  system  of 
breakwater  by,  400 

Mitchell,  J.,  analysis  of  a  mac- 
adam road  by,  76 

Mitchell's  screw  piles,  46 

Monkland  Canal,  inclined  planes 
on,  173 

Mont  Cenis  Tunnel,  318 

Morecambe  Bay,  sea  embank- 
ments in,  369 

Morris  Canal,  U.S.,  inclined 
planes  on,  172 

Moscow  tramways,  168 

Murray,  John,  groins  for^  fore- 
shore of  Sunderland  Docks,  by, 
340 ;  on  the  cost  of  dififerent 
systems  of  breakwaters,  385 ; 
pier  at  Sunderland  harbour  by, 
430 

V[  ETHERL  ANDS,  dykes  in  the, 

IN      349,  352 ;  fascine  dykes,  356 

Netherton  Tunnel,  314 

New  South  Wales  Railways,  per- 
manent way  of,  122 

New  York,  tram-rails  in,  143 

Newcastle  and  Carlisle  Railway, 
cutting  on,  through  Cowran 
HiU, 106 

Newport,  ventilation  of  sewage 
in,  578 ;  gully-trap,  578 

Noria,  547,  616 


0 


RES,  shipment  of,  spouts  for, 
436 


\ 


PARIS,  asphalt  pavements  in, 
98 

Paris,  tunnel  aqueducts  in,  519 

Paris,  drainage  of,  667,  574  ; 
sewers,  572 ;  utilisation  of  sew- 
age, 576,  594 

Parkes,  W.,  Manora  Breakwater 
at  Kurrachee  by,  406;  break- 
water at  Madras  by,  409 

Parliament,  Houses  of,  cofferdam 
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PanonB*  revenible  steel  crossmg, 
141 

Pavements,  stone,  86 ;  wood,  96 ; 
asphalt,  98;  stone  pavements: 
— fcity  of  London,  86 ;  material, 
87 ;  South wark,  91 ;  Liverpool, 
92 ;  Manchester,  93 

Peckwell,  Mr.,  on  the  waste  of 
sea-coast,  Withemsea,  346 

Penmaenmaur,  sea-wall  at,  364 

Permanent  way  of  railways : — 
type  sections,  103, 1Q4, 123,  128, 
131 ;  sections  of  rails,  109,  110, 
117,  \24,  129,  131  ;  centrifugal 
force  on  curves,  112;  Great 
Western  Railway,  114 ;  old 
systems,  116;  cost  of  relaying 
permanent  way,  by  Mr.  R.  Price 
WiUiams,  121  ;  New  South 
Wales  Railways,  122 ;  Pennsyl- 
vania Railroad,  131 

Metallic  permanent  way: — 
Greaves*  cast-iron  bowl  sleepers, 
133  ;  wrought -iron  sleepers, 
133 ;  Le  Crenier  sleeper,  134 ; 
Vautherin  sleeper,  134;  Hart- 
wich  system,  135 ;  Hilf  system, 
135 

Perronet,  Neuilly  bridge  by,  233, 
243;  bridge  at  St.  Maxence, 
233 

Persian  wheels,  616, 617 

Peterhead,  jetty  at,  426 

Philadelphia,  tramway  in,  144, 
145 

Pickwell,  Mr.,  on  the  waste  of 
sea-coast,  Withemsea,  346. 

Piers,  415;  wooden  piers,  416; 
stone  piers,  419;  piers  filled  with 
earthwork,  422  ;  jetties,  423, 
425 ;  rubble  foundations,  424  ; 
concrete  foundations,  425 

l*ier  at  Aldemey,  391;  Pier  at 
Dover,  427;  South  Albert 
Her,  Whitehaven,  428;  New 
North  Pier,  Whitehaven,  429  ; 
New  North  Pier,  Sunderland, 
430 ;  timber  pier,  Great  Grims- 
by docks,  431 ;  South  Pier, 
Rotterdam,  oi  faBcVnea,  \^1\ 
open  pier-work  on.  pWea,  \'^^  \ 
pier,  Rio  Tinto  Mixmig  Com- 


pany,  434  ;    screw  pile,   435 ; 
spouts  for  i^pment  of  ore8,436 

Piers,  in  the  North  Sea,  for  Am- 
sterdam Canal,  411 

Piers  constructed  of  fascines,  432 ; 
piers  at  Rotterdam,  432 

Piles,  43,  48;  pile-driving,  48; 
pile  foundation,  49 ;  weight  of 
rams  for  pile-driving,  50.  (See 
Cqferdatnt.) 

Piles,  construction  of  breakwater 
of,  for  sea-wall  at  Penmaen- 
maur, 364 

Piles  on  the  seashore,  418 

Piles,  screw,  45 ;  at  Hoelva  Her, 
435 

Piles,  guard,  for  quay  walls,  441 

Pipes  and  mains,  for  distributing 
water,  511 ;  self-acting  valves, 
511,530;  formulas  for  flow  of 
water  in  pipes,  512  ;  coating 
for  pipes,  528 

Pljinouth  breakwater,  378 ;  force 
of  waves  at,  323 

Points  and  crossings,  136 

Polenceau,  proposal  of  road-rollers 
by,  83 

Ports,  366 

Preston,  gully-trap  for  seweis  in, 
581 

Price,  JameS)  on  the  employment 
of  steel  in  bridges,  258 

Pump,  centrifugal,  Appold's,  667 

Pumping  -  engines,  for  floating 
docks  at  Caxtagena  and  Ferro^ 
473 

Pumping-engines  for  water  sup- 
ply, 507  ;  single-acting  or  Cor- 
nish engines  versus  rotative 
engines,  507 ;  pumping-engine 
at  East  London  Waterworks, 
608  ;  Davey*s  direct  -  acting 
compound  engine  and  pump, 
509 

Pumps  for  draining  land,  547; 
pumping  machinery,  at  Hobhole 
Drain,  East  Fen,  557 


Q 


UAY       WALLS.  —  DOCK 
WALLS,  438, 458  :  Mr.  Ren- 
xasi  %  c^MBc^  ^\jJ^,  \:>A  \  ^3^3a:^  wall, 
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lock- walls, Victoria  Docks,  441 ; 
quay  walls  of  concrete,  at  Dub- 
lin, by  B.  B.  Stoney,  441 ;  dock 
walls  at  Avonmouth,  by  Mr.  J. 
•  Brunlees,  443 ;  quay  walls,  Al- 
bert Docks,  Hull,  444;  quay 
walls,  Marseilles  Docks,  445; 
quay  at  Grcenore,  by  J.  Bar- 
ton, 447 :  quay  wall,  St.  Louis 
Canal,  449;  quay  walls  con- 
structed without  cofferdams, 
460;  quay  wall  on  cylinders, 
by  T.  E.  Harrison,  460 ;  brick- 
cylinder  foundations,  by  J.  F. 
Bateman,  for  Plantation  Quay, 
Glasgow,  460;  timber  wharf, 
Albert  Docks,  Hull,  461 ;  Quay 
of  La-Joliette,  Marseilles,  389 

RAILS.— Edge-rail,  108;  old 
sections  of  rails,  109,  110; 
modem  sections,  117  ;  iron 
rerstis  steel  for  rails,  119; 
comparative  wear  of  rails,  on 
the  Blackwall  Railway,  120; 
■  double-headed  rail  for  the  New 
South  "Wales  Railways,  by  Mr. 
John  Fowler,  124;  single- 
headed  flange -rail,  by  Mr. 
Fowler,  129;  flange-rails  in 
the  United  States,  130  ;  on  the 
Pennsyvania  Railroad,  131  ; 
tram-rails  (see  Tramways). 

Railways,  100 ;  gauge  of  rail- 
ways, 100;  cuttings  and  em- 
bankments, 103 ;  permanent 
way,  108;  switches  and  cross- 
ings, 136  ;  turn-tables,  138 ; 
reversing  curves,  139 

Rainfall,  487 ;  loss  by  evapora- 
tion, 488 ;  torrential  rains,  669 ; 
rainfall  in  London,  583 

Rainwater,  479 

Ramsgate  Harbour,  foundations 
of,  426 

Ransomes,  Deas,  and  Rapier*s 
tramway,  156 

Rawlinson,  Mr.,  system  of  ven- 
tilation of  sewers  by,  679, 
680 

Recife  and  Sao  Francisco  Railway 
tunnel,  317 


Reclamation  of  land,  697;  em- 
bankments, 697 ;  outfall  drain, 
600  ;  warping,  697,  601 

Regent's  Canal,  tunnel  on  the 
fine  of,  286,  287 

Rennle,  G.  and  J.,  floating  docks 
at  Cartagena  and  Ferrol  by,  472 

Rennie,  J.,  quay  wall  by,  438 

Rennie,  Sir  John,  Whitehaven 
Pier  by,  428 

Rennie,  Sir  John,  and  R.  Ste- 
phenson, drainage  of  the  Fens 
by,  663,  665 

Reservoirs  for  water  supply, 
482 ;  dimensions,  488 ;  site, 
490;  construction,  490,  608; 
dams  of  reservoirs,  491 ;  outlet 
for  water,  492 ;  filtration  re- 
servoir, 496;  impurification  of 
water  in  exposed  reservoirs, 
498 

Reversing  curves,  railway,  140 

Rice  lands,  irrigation  of,  621 

Rivers,  181  ;  velocity  of  rivers, 
183,  224 ;  works  of  improve- 
ment, 184 ;  towing  path,  187  ; 
banks,  188;  dykes,  189;  rub- 
ble-facing of  banks,  190 ;  tim- 
ber-facing, 192  ;  fascines,  192  ; 
small  branches,  196 ;  practical 
rules  for  narrowing  rivers, 
197;  junction  of  rivers,  198; 
deltas,  199;  bars,  and  their 
removal,  203;  scouring  reser- 
voirs, 206. 

Classification    of    parts    of 
rivers,  206 ;  dams  and  weirs,  206 

Rivers,  effect  of  currents  on  th« 
embouchures  of,  329 

Rivers,  the  "bore"  in,  331 

Rivers,  as  sources  of  water- 
supply,  486 

Rivers,  reg^ilation  of,  635;  new 
channels,  536 

Roads,  common,  63 ;  different 
kinds  of  roads,  71  ;  construc- 
tion of  roads,  72 ;  macadam 
roads,  76  ;  roads  in  France,  81 

Roads,  or  sheltered  seas,  366 

Road-rollers,  78,  83 

Ronmey  Marsh,  Dymchurch 
Wall  for  thft  ^tQtftctift\i.^l^'iRk5k 
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Honchetti,  suggestion  by,  of  as- 
phalt jointing  for  stone  pave- 
ment, 94 

Roquefavour,  aqueduct  of,  517» 
618 

Rotterdam,  fascine  piers  at,  432 

Rubble,  29 

SALFORD  Corporation  Tram- 
ways,  166 

Schuylkill  River,  dams  in,   206, 
%     207 

Sea  defences.  (See  Marine  Eh' 
gineering.) 

Severn,  river,  dams  or  weirs  in, 
207,  208 

Severn,  bridge  over,  at  Glouces- 
ter, 242 ;  cast-iron  bridges 
over,  248 

Sewage,  utilisation  of,  670,  673, 
574,  675 

Sewers,  668  ;  house  sewers,  571  ; 
main  sewers  in  London  and  in 
Paris,  572,  684  ;  fall  of  sewers, 
672  ;  type  of  secondary  brick- 
sewers,  676 ;  iimctions  of 
sewers,  677;  gully-traps,  577, 
679,  581 

Sewers,  ventilation  of,  678,  679 

Shakespeare  Tunnel,  318 

Shingle,  334,  339,  344  ;  action  of, 
on  piers,  422 

Shipment  of  ores,  spouts  for, 
436 

Simpson,  James,  experiments  by, 
on  flow  of  water  through 
pipes,  512 

Siphon  pipes  : — Glasgow  Corpo- 
ration Waterworks,  627  ;  for 
repair  of  St.  Germains'  Sluice, 
661 ;  to  convey  sewage  across 
the  Seine,  at  Paris,  694 

Skerryvore  Lighthouse,  force  of 
waves  at,  323 

Sleepers  for  railways.  (See  Fer- 
manefU  Way ;  for  tramways, 
see  Tramwayt.") 

Smeaton,  Ramsgate  Harbour  by, 
426 

Smith,  Dr.   AnguB,  composition 
by,  for  lining  water-pipea,  b*i& 
Snow  water,  480 


South    Eastern    Railway,    early 

permanent  way  on,  116 
Spain,  irrigation  in,  607 
Spring    waters,     480 ;     use    of 
springs,     484 ;    treatment    of 
land  springs,  646 
Steel  vertm  iron  for  rails,  119 
Steel,  employment    of,    for   the 

construction  of  bridges,  267 
Step-rail  for  tramways,  144 
Stephenson,  R.,  sea  wall  by,  at 

Penmaenmaur,  364 
Stevenson,  D.,  on  stop-gates  on 
canals,  176;    on  dams  in  the 
bed  of  a  river,  206  ;  on  the  force 
of  the  waves  at  Wick  Break- 
water, 398 
Stevenson,    T.,    on    commercial 
harbours,  373 ;  on  the  width  of 
entrance,  374 
St.  Germains  Sluice,  repair  of,  by 

Sir  John  Hawkshaw,  661 
St.  Gothard  Tunnel,  319 
St.  Louis  Canal,  quay  wall  at,  449 
St.  Mary's,  Kent,  sea  wall  at,  363 
Stones,  Duilding,  17 ;  artificial,  20 
Stoney,  B.  B.,  use  of  large  blocks 
of  concrete  for  defence  of  break- 
waters, 391  ;  his  system  of  con- 
structing and  transporting  large 
blocks  of  concrete,  412,  441 
Suez  Canal,  178 
Sunderland  docks,  groins  for  the 

foreshore  of,  340 
Sunderland  Harbour,  pier  at,  430 
Suspension  bridges.    ( See  BridgeSy 

Suspension.) 
Switches    and    Crossings,    rail- 
way, 136  ;   Wild  and  Parsons' 
switch,  140 ;    Parsons*  rever- 
sible steel  crossing,  141 

1  TELFORD,  on    the    tear    and 
.     wear  of  roads,  76 ;  aqueducts 
by,  on  the  Ellesmere  and  Ches- 
ter   Canal,    169,    170;    jetties 
constructed  by,  426 ;  drainage 
of  the  Fens  by,  653 
Teredos,  or  sea- worm,  26 
Test  for  double-headed  rails,  by 
^      i  cJtccL  ^5  «^\sst ,  VI<S  \  tor  flange- 
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Tetney  Hayen  Oanal,  tunnel  on 

the  line  of,  286,  287 
Thames  Embankment,  588 
Thames  Tunnel,  285,  298 
Thames  and  Medway  Canal,  tun- 
nel on  the  line  of,  285,  286 
Tides,  323,  326,  329 
Timber,   16;  decay  of,  17;  pre- 

seryation  of,  17,  26 ;  hardwood 

and  softwood,  32 
Towns,  drainage  of.    (See  Drain' 

age  of  touma^ 
Towns,  water  supply  of ,  477.  (See 

Water^  supply  of,  to  touma.) 
Train,    G.    F.,    introduction   of 

tramways  in  England  by,  146 
Tram-plates,  108 
Tramways,  142 ;  tram-rails.  New 

York,  143  ;  step-rail,  Philadel- 

fhia,  144 ;  tramway,  145 ;  G. 
\  Train's  tramways,  146 ; 
liyerpool  Tramway,  146 ;  tram- 
ways of  Constantinople,  149 ; 
North  Metropolitan  Tramway, 
151  ;  Glasgow  Corporation 
Tramways,  161 ;  Liyerpool 
Tramway,  153 ;  liyesey's  tram- 
way 1 64 ;  W.  J.  Cockbum-Muir*s 
tramway,  156  ;  Bansomes, 
Deas,  and  Hapier*s  tramway, 
156 ;  Eincaid's  tramway,  167  ; 
Salford  Corporation  Tramway, 
167 ;  Barkers  tramway,  Man- 
chester, 167  ;  MoscowTranway, 
168;  Floyd's  tramway,  169; 
Cambridge  Tramway,  160 

Trent  and  Mersey  Canal,  lift  for, 
173 

TrSsaguet,  on  roads  in  France, 
82 ;  their  construction  by,  83 

Tunnels,  283;  driftway,  283; 
table  of  tunnels,  286  ;  mode  of 
construction,  289 ;  sinking 
shafts,  289;  ezcayation,  296; 
subaqueous  tunnels,  298  ; 
Thames  Tunnel,  298 

Systems  of  driying  tunnels, 
318;  tunnel-aqueducte,  Glasgow 
Waterworks,  314;  Buckhom 
Weston Tunnel,3 16;  break-ups, 
316 ;  tunnel  on  the  line  of  tne 
Bedf  e  and  Sao  Francisco  Bail- 


wii^,  317;  enlarging  tunnels, 
317;      Clifton  Tunnel,    317; 
Shakespeare  Tunnel,  318 ;  Mont 
Cenis'nmnel,  318 ;  St.  Gothard 
Tunnel,  319;   Mound  Tunnel, 
Edinburgh,  320;  table  of  cost 
of  tunnels,  321.     (See  Tunnel- 
aquedueU.) 
Tunnel-aqueducts,  618;  in  Puris, 
619 ;      Glasgow     Corporation 
Waterworks,  522 
Turn-tables,  railway,  138 
Tynemouth,  North  Pier,  bags  of 
concrete  under  foundation  of, 
404 

UNITED  STATES,  Vimales 
or  flange-rail  for  railways 
in,  130;  permanent  way  of 
Pennsylyania  Railroad,  13  L 

VAL  DE  TRAVERS,  asphalt, 
98 

Yalyes,  self-acting,  on  water- 
pipes,  511,  630 

Yalyes,  stop,  for  large  water 
mains,  631 

Vautherin  sleeper,  134 

Yermuyden,  drainage  of  the  Fens 
by,  560 

Yicat,  construction  of  foundations 
of  dock- walls  of  concrete,  with- 
out cofferdams,  460 

Victoria  (London)  Docks,  dock 
walls  o^  44L 

Yictoria  Embankment,  coffer- 
dams for,  57 

Yignales  ndl  for  railways,  117, 
128,  129,  131 ;  for  tramways, 
165,  158 

WALKER,  JAMES,  on  the 
drainage  of  the  Middle 
Leyel,  569 

Walls,  equilibrium  of,  37.  (See 
Quay  WalU—Boek  WalU.) 

Warping,  for  reclamation  of 
land,  697,  601 

Water,  transporting  power  of, 
224 

Water,  flow  of,  in  pipes,  for- 
mulas for,  512 


F   F 


INDEX. 


Water,  machines  for  raimn^, 
in  land  drainage,  547 ;  for  irri- 
gation, 616 ;  for  water  supply, 

606.  (See    FUmpt,    Pumping 
EngineM.) 

Water,  supply  of,  to  towns,  477 ; 
waters  fit  for  use,  478;  rain 
water,  479 ;  snow  water,  480 ; 
spring  waters,  480;  collection 
of  water,  481 ;  construction  of 
reservoirs,  483,  488,  490;  use 
of  springs,  484  ;  artesian  wells, 
486;  river  supply,  486;  water 
supply  per  head  of  population, 
486,  489,  631 ;  drainage  area, 
487 ;  loss  by  evaporation,  488 ; 
rainfall,  488;  filtration,  496; 
fllter-beds  and  pure-water  tank 
at  Leicester,  497 ;  water  supply 
of  Berlin,  498 ;  distribution  of 
water  supply,  600;  constant 
supply  vernu  intermittent  sup- 
ply, 501;  sudden  pressure  m 
pipes,  606;  power  for  raising 
water,  606;  pumping-eng^es, 

607,  509  ;  mams  and  distribut- 
ing pipes,  611 ;  conduits,  aque- 
ducts, and  tunnels  for  water 
supply,  616 ;  Glasgow  Corpora- 
tion Waterworks,  620 

Water-closets,  waste  of  water  by, 

604 
Water-wheels  for  water  supply, 

at  Philadelphia,  Richmond,  and 

Toulouse,  606 


Watford  Tunnel,  286,  287 
Waves,  sea,  magnitude  and  forc« 

of,  822,  323,    26;   depths   to 

which  they  a!ct,  413 
Weirs  across  rivers,  206 
Wells,  artesian,  486 
West  Ham,  outlet  sewer  at,  676 
West  India  DockB— New  Sooth 

Dock,  469 
Wharf,    Brunswick,    Bhu^kwiU, 

441 
Wheels,    on    raQways,    coxdol 

form  o^  110;   selZ-adjustmeDt 

of,  112 
Whitehaven,  South  or  West  Pier 

at,  428 ;  New  North  Pier,  429 
Wick  Breakwater,  force  of  the 

waves  at,  398 
Wild  and  Parsons*  switch,  140 
Williams,  E.  L.,  jnn.,  csjoal  lift 

by,  at  Anderton,  173 
Williams,  B.  Price,  on  steel  nili 

vermt  iron  rails,   119;  cost  of 

relaying  permanent  way,  121 
Winds,  322 ;  their  force,  323 
Withernsea,  waste  of  the  ootrt 

opposite,  344;   landslips,  845; 

groins,  346 
Wood   pavements,    96 ;    in  the 

City  of  London,    96;   Carey's 

pavement,  96 ;  asphaltio  wood 

pavement,  96;  Benson's  wood 

pavement,  97 
Wylam  Bridge,  249 
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HumSer's  New  Work  on  Water-Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humbkr,  A-M.  Inst 
C.E.,  and  M.  Inst.  M.E.  Illustrated  with  50  Double  Plates, 
I  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Wood- 
cuts, and  containing  400  pages  of  Text,  Imp.  4to,  6/.  6j.  elegantly 
and  substantially  half*bound  in  morocco. 

List  0/  Contents : — 


I.  Historical  Sketch  of  some  of  the 
means  that  have  been  adopted  for  the 
Suppiv  of  Water  to  Cities  and  Towns.— 
1 1.  Waterand  the  Foreign  Matter  usually 
associated  with  it. — III.  Rainfall  and 
Kvaporation. — IV.  Springs  and  the  water> 
beanng  formations  of  various  districts. — 
V.  Measurement  and  Estimation  of  the 
Flow  of  Water.— VI.  On  the  Selection  of 
the  Source  of  Supply. — VII.  Wells. — 
VIII  Reservoirs.— IX.  ITie  Purification 
of    Water. — X.    Pumps. — XI.    Pumping 


Machinery.— XII.  Conduits. — XIII.  Dk- 
tribution  of  Water.— XIV.  Meters,  Ser- 
vice Pipes,  and  House  Fittings. — XV.  The 
Law  and  Economy  of  Water  Works.— 
XVI.  Constant  and  Intermittent  Supply. 
— XVII.  Description  of  Plates.- Appen- 
dices, giving  Tables  of  Rates  of  Suppler* 
Velocities,  &c.  &c.,  together  with  Speciii- 
cations  of  sevCTal  Works  illustrated,  among 
which  will  be  found : — Aberdeen,  Bideford, 
Canterbury,  Dundee,  Halifax,  Lambeth, 
RotherlUm,  DuUin,  and  others. 


"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in 
English,  or  in  any  other  language  ....  Mr.  Humber's  work  is  characterised  almost 
throughout  by  an  exhaustiveness  much  more  distinctive  of  French  and  Gemiau  thaa 
of  English  technical  treatises."— J?iv^';f^rr. 

Humberts  Great  Work  on  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  WILLIAM  Humber,  A-M.  Inst.  C.E., and  M.Inst. 
M.E.  Third  Edition,  with  115  Double  Plates.  In  2  vols.  imp.  4to, 
6/.  i6r.  6</.  half-bound  in  morocco. 

"  A  book— and  particubrly  a  large  and  costly  tr«itUe  like  Mt.  K>»Bkwf v-^-vV^^ 
luw .  reached  in  third  edition  may  certainly  V>«  saod  \o  Vsl^^  «iiQNdo!fiBkK^>&&  ^s«^ 


3        WORKS  IN  ENGINEERING,  SURVEYING,  ETC, 
numbers  Modem  Engineering. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING. First  Series.  Comprising  Civil,  Mechanical,  Marine^  Hy- 
draolic.  Railway,  Brid^  and  other  Engineering  Works,  &c.  Br 
WiLLlAU  HuuBSK,  A-M.  InsL  C.E.,  &c  Imp.  4I0,  with 
36  Double  PUtes,  drawn  to  a  large  scale,  and  Portrait  of  John 
Hawkshaw  CE.,  F.R.S..  St,  and  descriptive  Letter-piesJ,  Speci- 
fications, &c.     y.  31.  half  morocco. 

Viclnru  Suiian  and  Raof.  L  1^  .v  ~  I  |.l:ilc<)  \  briell<^  ever  Ihc  Thano.  Wol 
CR.lSplaiB.^  SoHlhpon  Pier  (;  i,l,iu-l,  L«ndon  Eilmiionk»i1-ay(;iJ»iM);  Ai- 
VictDcuStillanandRaoF,  L.L'.A  D.^nJ  mourFUtn:  Suspciuiun  Bndn.Tbua 
C.  W.  R.  (6  plauO:  Roof  of  t>>.<Tl(,^n^  1 1  iOueO  :  The  Aflcn  Eupne  :  SiupauMv 
MiuEcHaU:  BridgEaKcC.N.k^il.,  ,v  '  Undgc.  Avon  (j  pliia):  irudcrEraml 
~     '    '"     ■on,  Dulch  Rhuiiih  li.Kl     ..  ,  KiUwiy (j pLH«). 


-*  Hindsomclr  tithoffnphnj  jui 


mpandfort^ 


ruidmc*  of  the  CDoaiLClart  f«  nuny  inipfvtADt  ■DciDceriag  V4 — ^.— .- 

HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Second 
Series.  Imp.  410,  with  36  Double  Plates,  Portrait  of  Robert  Ste- 
phensoD,  C.E.,  Se,,  and  descriptive  Letterpress,  Specifications, 
Ac.     3/.  3>.  half  morocco. 

LUI  f/lkr  Plain  BXJ  Diogrami. 
i  Doclu,  Low  Water  Baiin    Viaduci.lileiihyr,  Tredegar,  and  Ate^- 


dspUileil:  Channi  Crrss  Sution  Rr»(. 
C.  C.  Railway  (j  plit«! ;  Dijiwell  VLa- 
duct,  C.  N.  Railway:  Rabberr  Wood 
Viaduct.  C.  N.  Railvay  ;  Iron  PerauDcm 
W>v  :  Clvdath  Viaduct.  Mcrthyr.  Tre- 
iltd  Abergavenny  Railway;  Ehbw 


ly :  Cidleee  Wood  Viadun 

I-3t;  Itublio  Winur  Pi'-~ 

Roof  {j plaies);  Bridgi  '     ~ 


wallRulwa 
wf  {1  plaies) ;  "Bri 
C.  and  D.  Rail* 


dealr,ar_ , ,  . 

HUMUER'S  RECORD  OF  MODERN  ENGINEERING.  Third 
Series.  Imp.  ^to,  with  40  Double  Plates,  Portrait  of  J.  R.  M*Oe*o, 
Esq.,  late  Pres.  Insl.  CE,  and  descriptive  Letterpress,  Specifici- 
tions,  Itc.     3/.  V-  hair  morocco. 

Liii  oflla  Plain  a-td  Diarr^mi. 
M>m     Drainagx,    Mn-ioroLis. —  ,  Hiancbd  pluci):  Outfall  Sewer.  Reier 

Narlk  SUr.~i.Uj,  ihowing  Interception  '  voir  and  Oiidet  (4  pUres) ;  Ouifall  Sewer. 

oTSewen;  Middle LcvelSewerdplatei'i'  Filih  Hoht;  Sedioni  oT  Sewen  (Nonli 

Oiil£Ul  Sewer,  l{rid|[e  over  River  Lea  (1 '  ud  South  SideO. 

pUtu);C)utrallSewer,  IWidEeuRrMarih  I     ThauB-ii  Eubamkubht.— Sec^oa  of 

Lwie.tIonhWa<>lwichRail<ny,andBaw!RiverWall;Steiiiil       "'      — 


ver,  Bjidge  o 
T  bat  r^ndc 


ay JuDctinn;  Ourallifi  plates) ;  Landing  Slairt  bel« 

,._r   Binr  and  Barlting  ■  ring  Crw  and  Wnterlcn  Bridget  r  Yoi% 
u];  OiUfall  Sewer,  Itridge  '  Gate  (1  plalei.) :  OTerflowand  Outlet  al 

.   ..    Ijindon  Walenrotkt'  Feeder  I  Savoy  Street  Sewer  (j  platea) :  Steamboat 

(i  pUles);  Outfall  Sewer.  Keervoir  (n  Pier,  Waterloo  BridEe  (]  pUlet):  Jok- 
plaleO;  OulEill  Sewer,  Tumbling  Illy  lianiifSewen.PUniandKca;ant:CuUiB, 
and  Outlet;  OulGilI  Sewer,  Penuockt.  Plani and  Sections ;  Rolline  Stock :  Ci*- 
Smlh  .ViV/c- Outfall  Sewer,  Bermonrlsey  i  nile  and  Iran  ForU. 

HUMBER'S  RECORD  OK  MODERN  ENGINEERING.  Fourth 
Series.  Imp.  4to,  with  36  Double  Plates,  Portnut  of  John  Fowlv, 
Esq.,  late  Ires.  Inst.  CE ,  and  descriptive  Letterpress,  SpedGca- 
tions,  &c.     3i^  31.  half  morocco. 

Lill  ffllii  Plain  OKi  Diagram!. 
Abbey  Mjlli  Pumping  Staiion,  Main  I  pouirna  :  Viaduct  over  the  River  Wr<- 
Dilinage,  Metropolil  (4  plalei);  Barrow  Midland  Railway  (j  plalei);  Sl  Gennin'I 
Doclu  (5  platei) ;  Manquii  Viaduct,  San-  Viaduct,  Cornwall  Railway  (i  plaia>; 
liaeo  and  Valpar^w  f^wiv  (9  plata) ;  I  Wmugbi-lron  Cylinder  for  Diving  Befi: 
AfGm'i  Loojioolive,  Si.  HeVen'i  C»Kji\W«Wiji\Dntki<j(plat«|;  Milray'inieM 
Nailway  (a plated);  t:arman&utclSiu^<™\^v3,ii\w.t^w<nii&uiiAlka»a Kailwa) 
ItooT  OuniiE  Ctob  Rulwavd  ?^'e*'>>  *'"*'''  "•*""•  ■*""  — '  ■"— ^ 

SMd  Bridza  over  the  Wvii  Mt^a  t,» 
plMM)i  T«S^i*l«AOT»aluaI«M.eM 
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Strains,  FonnuUB  &  Diagrams  for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
STRENGTH  ;  consisting  of  Formulae  and  Corresponding  Diagrams, 
with  numerous  Details  for  Practical  Application,  &c.  By  William 
HUMBER,  A-M.  Inst  C.E.,  &c  Third  Edition.  With  nearly 
100  Woodcuts  and  3  Plates^  Crown  8vo,  ^5,  6d,  cloth, 
**  The  anangement  of  the  matter  in  this  little  volume  is  as  convenient  as  it  well 

could  be llie  system  of  employing  diagrams  as  a  substitute  for  complex 

computations  is  one  justly  coming  into  ^reat  favoiu-,  and  in  that  respect  Mr.  Humber*! 
volume  is  fully  up  to  the  times." — Engineering. 
**  The  formulae  are  neatly  expressed,  and  the  diagrams  good.**— ^M/mrwuf. 

Strains. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK; 
with  Practical  Remarks  on  Iron  Construction.   By  F.  W.  Sheii  DS, 

M.  Inst.  C.E.  Second  Edition,  with  5  Plates.   Royal  8vo,  5^*.  cloth. 
"  The  student  cannot  find  a  better  little  book  on  this  subject  than  that  written  by 
Mr.  Sheilds." — Engineer. 

Barlow  on  the  Strength  of  Materials,  enlarged 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railways,  &c.  ;  and  an  Appendix  on  the 
Power  of  Locomotive  Engines,  and  the  effect  of  Inclined  Planes 
and  Gradients.  By  Peter  Barlow,  F.R.S.  A  New  Edition, 
revised  by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow, 
F.R.S.  The  whole  arranged  and  edited  by  W.  Humber,  A-M. 
Inst  C.E.     8vo,  400  pp.,  with  19  large  Plates,  i&r.  cloth. 

"  The  best  book  on  the  subject  which  has  yet  app«ared.  ....  We  know  of 
no  work  that  so  completely  fulfils  its  mission." — English  Mechanic. 

"  The  standard  treatise  upon  this. particular  subject.'* — En^itucr. 

Strength  of  Cast  Iron,  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  Thomas  Tredgold,  C.E.  Fifth 
Edition.  To  which  are  added,  Experimental  Researches  on  the 
Strength  and  other  Properties  of  Cast  Iron,  by  E.  Hodgkinson, 
F.R.S.  With  9  Engravings  and  numerous  Woodcuts.  8vo,  I2x. 
cloth.        *^*  Hodgkinson's  Researches,  separate,  price  dr. 

Hydraulics, 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAE 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  With  New  Formulae,  Tables,  and  General 
Information  on  Rain-fall,  Catchment-Basins,  Drainage,  Sewerage, 
Water  Supply  for  Towns  and  Mill  Power.  By  John  Neville, 
CivU  Engineer,  M.R.L  A.  Third  Edition,  carefully  revised,  with 
considerable  Additions.  Numerous  Illustrations.  Cr.  8vo,  I4r.  cloth. 

"  Undoubtedly  an  exceedingly  useful  and  elaborate  compilation." — Iroti. 
"  Alike  valuable  to  studenU  and  engineers  in  practice." — Mining  Journal, 

River  Engineeri^ig. 

RIVER  BARS  :  Notes  on  the  Causes  of  their  Formation,  and  on 
their  Treatment  by  Induced  Tidal  Scour,  with  a  Description  of  the 
Successful  Reduction  by  this  Method  of  the  Bar  at  Dublin.     By 
I.  J.  Mann,  Assistant  Engineer  lo  l\vt  \>>a\i\«k.  ^wx  -a.^^!^  Xi^^i*^ 
hosLTd.     With  Illustrations.    IHm^  %no,  \\ni>x«t;r«v 
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Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Eaginecring,  m  the  Construction  of  Roads  ;  with  Mr. 
Telford's  Rules  for  the  same.  By  Frederick  W.  Sihms, 
F.G.S.,  M.  Inst  C.E.  Sixth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law*s  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  Trautwine*s  Field  Practice  of  Laving 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  Svo, 
8j.  td,  cloth.  %•  Trautwine  on  Curves,  separate,  y. 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  coU^cs."— 
EngUuer. 

Practical  Tunnelling. 

PRACTICAL  TUNNELLING:  Explainmg  in  deUU  the  Setting 
out  of  the  Works,  Shaft-sinking  and  Heading-Driving,  Ranging 
the  Lines  and  Levelling  under  Ground,  Sub-Elxcavating,  Timbering, 
and  the  Construction  of  the  Brickwork  of  Tunnels  with  the  amount 
of  labour  required  for,  and  the  Cost  of,  the  various  portions  of  the 
work.  By  F.  W.  Sim  MS,  M.  Inst.  C.E.  Third  Edition,  Revised 
and  Extended.  By  D.  Kinnear  Clark,  M.I. C.E.  Imp.  Svo, 
with  21  Folding  Plates  and  numerous  Wood  Engravings,  30J.  cloth. 
"  It  has  been  regarded  from  the  first  as  a  text-book  of  the  subject.  .  .  .  Mr.  CLaik 
has  added  immensely  to  the  value  of  th?  book." — £t$^imer. 

Siea77i, 

STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 
able. Being  an  Extension  of  Scwell's  Treatise  on  Steam.  By  D. 
Kinnear  Clark,  M.I.C.E.     Second  Edition.     i2mo,  4J.  cloth. 

Civil  and  Hydraulic  Engineering 

CIVIL  ENGINEERING  (THE  RUDIMENTS  OF).  By 
Henry  Law,  M.  Inst.  C.E.  Including  a  Treatise  on  Hydraulic 
Engineering,  by  Gkorge  R.  Burnell,  M.I.C.E.  Sixth  Ekiition, 
Revised,  with  large  additions  on  Recent  Practice  in  Civil  Engineer- 
ing, by  D.  Kinnear  Clark,  M.  Inst.  C.E.  [/«  t/ufreis. 

GaS'Lighting. 

COMMON  SENSE  FOR  GAS-USERS  :  a  Catechism  of  Gas- 
Lighting  for  Householders,  Gasfitters,  Millowners,  Architects 
Engineers,  &c.  By  R.  Wilson,  C.E.  2nd  Edition.  Cr.  Svo,  2j.  dd. 

Bridge  Construction  in  Masonry^  Timber ^  &  Iron. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER,  AND  IRON  ;  consisting  d 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  sdect 
Works.  By  W.  Davis  Haskoll,  C.E.  Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
with  6  pages  of  Diagrams.  Imp.  4to,  2/.  I2x.  6^  haS**  morocco. 
"A  work  of  the  present  nature  by  a  man  of  Mr.  HaskoU's  experience,  must  prove 
invaluable.    The  tables  of  estimates  considerably  enhance  its  value."— ^ntfVMrrrw^. 

Earthwork. 

EARTHWORK  TABLES,  showing  the  ContenU  in  Cubic  Yards 
of  Embankmenls,  CuV\\xv^,  &lc»,  ol  '^^v^Xa  ^x  B^.^ths  up  to  an 
average  of  80  feet,    B7  3^^^^^ 'a^okxs^^^-^^  ^C^.^  ^siL^^^4sk»K:&. 
Campin,  CE,     Cx,  ^vo,  oUotv^,  V  ^^"^ 
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Tramways  and  their   Working. 

TRAMWAYS:  their  CONSTRUCTION  and  WORKING. 
Containing  a  Comprehensive  History  of  the  System ;  an  exhaus- 
tive Analysis  of  the  Various  Modes  of  Traction,  including  Horse 
Power,  Steam,  Heated  Water,  and  Compressed  Air ;  a  Description 
of  the  varieties  of  Rolling  Stock  ;  and  ample  Details  of  Cost  and 
Working  Expenses,  with  Special  Reference  to  the  Tramways  of  the 
United  Kingdom.  By  D.  Kinnear  Clark,  M.  I.  C.  E.,  Author 
of  *  Railway  Machinery,*  &c.,  in  one  vol.  8vo,  with  numerous  Illus- 
trations and  thirteen  folding  Plates,  \%5.  cloth. 

"  All  interested  in  trarnvrays  must  refer  to  i^  as  all  railway  engineers  have  turned 
to  the  author's  work  *  Railway  Machinery.*  ** — The  Engineer. 

"  Mr.  Clark's  book  is  indispensable  for  the  students  of  the  subject." — Th^  Builder. 

Pioneer  Engineering. 

PIONEER  ENGINEERING.  A  Treatise  on  the  Engineering 
Operations  connected  with  the  Settlement  of  Waste  Lands  in  New 
Countries.  By  Edward  Dobson,  A.I.C.E.  With  Plates  and 
Wood  Engravings.  Revised  Edition.  i2mo,  5j.  cloth. 
"  A  workmanlike  production,  and  one  without  ix>sscssion  of  which  no  man  should 
start  to  encounter  the  duties  of  a  pioneer  engineer." — Atfunttum. 

"There  is  nutch  in  the  book  to  render  it  very  useful  to  an  engineer  proceeding  to 
the  colonics." — Engineer, 

Stea^n  E7igine. 

TEXT-DOOK  ON   THE    STEAM    ENGINE.      By    T.    M. 

GoODEVK,  M.A.,  Barrister-at-Law,   Author  of  **The  Principles 

of   Mechanics,"    **The  Elements  of   Mechanism,"   &c.      Third 

Edition.     With  numerous  Illustrations.     Crown  8vo,  6^.  cloth. 

"  Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine,  which  will  bear 

comparison  with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no 

higher  praise." — Engineer, 

"Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  pos- 
sess himself." — Mining  'journal. 

Steam. 

THE  SAFE  USE  OF  STEAM  :  containing  Rules  for  Unpro- 
fessional Steam  Users.    By  an  Engineer.  4th  Edition.  Sewed,  6^. 
**  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosioiu  would 
become  sensations  by  their  rarity." — English  Mechanic, 

Works  of  Construction. 

MATERIALS  AND  CONSTRUCTION:  a  Theoretical  and 
I'ractical  Treatise  on  the  Strains,  Designing,  and  Erection  of 
Works  of  Construction.  By  Francis  Campin,  C.E.,  Author  of 
**  A  Practical  Treatise  on  Mechanical  Engineering  ;  "  **  The  Prin- 
ciples and  Construction  of  Machinery, "  &c.  With  Numerous 
Illustrations.     i2mo,  y,  6d.  cloth  boards.  \jfust published. 

Iron  Bridges,  Girders,  Roofs,  &c. 

A  TREATISE  ON  THE  APPLICATION  OF  IRON 
TO  THE  CONSTRUCTION  OF  BRIDGES,  GIRDERS, 
ROOFS,  AND  OTHER  WORKS.  By  Francis  Campin,  C.E. 
Second  Edition,  Revised  and  Corrected.     i2mo,  3?.  cloth. 

Construction  of  Iron  Beams,  Pillars,  &c. 

IRON  AND  HEAT  ;  exhibiting  the  Princioles  concecaed vcv ^.Vss^ 
construction  of  Iron  Beams,  PiUats,  an^  "Bto^'s.  Q\x\«s»^  -wnSs.  ^^^ 
Action  of  Heat  in  the  Smelting  Fiitnac^.  B^  'i .  K.'KA.o^i^^  C^»  "V' 
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Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hart.  3rd  Ed.  Imp.  Sto,  Si;cloai. 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBUQUE 
BRIDGES,  ^-ith  13  large  Plates.  Bj  the  late  Gsa  Watsor 
Buck,  M.I. C. E.  Third  Edition,  revised  by  his  Son,  J.  11. ^VATSO!C 
Buck,  M.I.C.E.  ;  and  with  the  addition  of  Descnptiun  to  Dia- 
{trams  for  P'acilitatirg  the  Construaion  of  Oblique  Bridges  by 
W.  H.  Barlow,  M.  I.  C.  E.   Royal  8vo,  tzs.  doth.     [Jtist fubHsiti. 

"  The  sundard  text  book  for  all  engineers  regarding  skew  arches  b  Ux.  Back's 
treatise  and  it  would  be  impossible  to  consult  a  better.*'— ^«i(fv««rr. 

Gas  and  Gasworks. 

THE  CONSTRUCTION  OF  GASWORKS  AND  THE 
>L\NUFACTURE  AND  DISTRIBUTION  OF  COALGAS. 
Originally  written  by  Samuel  Hughes,  C.E.  Sixth  Edition. 
Rc-writtcn  and  much  Enlarged,  by  William  Richards  C.L 
Willi  72  Woodcuts.     l2mo,  5^.   cloth  boards.  [Just publiskid, 

Waterwof'ks  for  Cities  and  Tawfis. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with  a  Description  of  the  Principal  Geological  Formations  of  Eng- 
land as  influencing  Supplies  of  Water.  By  S.  Hughes.  \s,  6J.  doth. 

Locomotive' Engine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  ;  a  Practical  Manual  for 
Engineers  in  charge  of  Locomotive  Engines.  By  Michatl 
Kkynolds,  M.S.K.,  formerly  Locomotive  Inspector  L.  B.  and 
S.  C.  K.  Fourth  Edition,  greatly  enlarged.  CompriMng  A 
KEY  TO  THE  LOCOMOTIVE  ENGINE.  With  lUustra- 
tions  and  rortrait  of  Author.  Crown  8vo,  4J.  61/.  cloth. 
"Mr.  Reynolds  descr\'cs  the  title  of  the  engine  driver's  friend. " — Raii'way  Sesn. 
"  Mr.  Keynolils  has  supplied  a  want,  and  has  supplied  it  well.   We  can  confidently 

recommend  the  book  nut  only  to  the  practical  driver,  but  to  every  one  wbo  takes  an 

interest  in  the  pcrfornxancc  of  locomotive  engines-" — Engineer. 

The  Engineer,  Fireman,  and  Engi^ic-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN. 
AND  ENGlNE-lJOV  :  comprising  a  Historical  Notice  of  the 
Pioneer  Locomotive  Kngines  and  their  Inventors,  with  a  project 
for  the  cstahlishment  of  Certificates  of  Qualification  in  the  Running 
Service  of  Railways.  By  MiCHAKL  Rkynolds,  Author  of 
**  Locomotive- Kngine  Drivinj;."  Crown  Svo,  4J.  td.  cloth. 
"  From  the  technical  knowledge  of  the  author  it  will  appeal  to  the  railway  man  of 
t<>day  more  forcibly  than  anythnnj  written  by  Dr.  Smiles." — English  Mt\haHic. 

Stationary  Engine  Drivi7ig. 

STATIONARY  ENGINE   DRIVING.     A  Practical  Manual  fo 
Engineers  in  Charge  of  Stationary  Engines.     By  Michael  Rev* 
N()Li>s  ("The  Engine-Driver's  Friend"),     Author  of  "Locomo- 
tive Engine  Driving,*'  &c.     With  Plates  and  Woodcuts,  and  Steel 
l*ortrait  of  James  Watt.  Crown  Svo,  4J.  Ct/.  cloth.    \Just  pubiukcd* 

Engine-Driving  Life. 

ENGINE-DRlVl'isO    lAYY.  •,  ox  "SiVvxrvtv^  ^^^N«o^^««^  ^tA.\t«x.. 

dents  in  the  Lives  ol  LocomoVvv^  J.Ti^ti^-V>xv«tx%,  .^^,^^^^^^^, 
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Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire- Proof  Building  and  the  Preservation  of 
Life  from  Fire ;  Statistics  of  the  Fire  Appliances  in  English 
Towns  ;  Foreign  Fire  Systems  ;  Hints  on  Fire  Brigades,  &c.,  &c. 
By  Charles  F.  T.  Young,  C.E.  With  numerous  Illustrations, 
handsomely  printed,  544  pp.,  demy  8vo,  l/.  \s,  cloth. 
"  We  can  most  heartily  commend  this  book.** — Engineering. 

"Mr.  Youne's  book  on  '  Fire  Engines  and  Fire  Brigades'  contains  a  mass  of 
information,  which  has  been  collected  from  a  variety  of  sources.  The  subject  is  so 
intensely  interesting  and  useful  that  it  demands  consideration.'*— ^»i/(/in^  Netui, 

Trigonometrical  Surveying, 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical  and  Topographical  Maps  and  Plans,  Military  Recon« 
naissance.  Levelling,  &c.,  with  the  most  useful  Problems  in  Geodesy 
and  Practical  Astronomy.  By  Lieut. -Gen.  Frome,  R.E.,  late  In- 
spector-General of  Fortifications.  Fourth  E<lition,  Enlarged,  and 
portly  Re- written.  By  Captain  Charles  Warren,  R.E.  With 
19  Plates  and  115  Woodcuts,  royal  8vo,  i6r.  cloth. 

Tables  of  Curves. 

TABLES   OF  TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radius.     By  Alexander 
Beazeley,  M.  Inst.  C.E.    Second  Edition.    Printed  on  48  Cards, 
and  sold  in  a  cloth  box,  waistcoat-pocket  size,  5/.  6d, 
"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leavet 

Che  hands  free  to  manipulate  the  izutrument — no  small  advantage  as  regards  the  n];»dity 

of  work.'* — Engineer. 

"  Very  handv  ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 

cards,  which  he  puts  into   his   own  card-case,  and   leaves  the   rest  behind." — 

A  theH^um. 

Engineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Lerelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplement  on  WATERWORKS,  SEWERS, 
SEWAGE,  and  IRRIGATION.  By  W.  Davis  Haskoll,  C.E. 
Numerous  folding  Plates.  In  One  Volume,  demy  8vo,  i/.  5/., 
cloth  boards. 

Large  Tunnel  Shafts, 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 
A  Practical  and  Theoretical  Essay.  By  J.  H.  Watson  Buck, 
M.  Inst.  C.E.,  Resident  Engineer,  Ix>ndon  and  North- Western 
Railway.      Illustrated  with    Folding  Plates.      Royal    8vo,    12/. 

cloth.  {Just  published. 

"  Many  of  the  methods  given  are  of  extreme  practical  value  to  tke  mason,  and  the 
observations  on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construc- 
tion of  the  templates,  will  be  found  of  considerable  use.     We  commend  the  book  to 
the  engineering  profession,  and  to  all  who  have  to  build  similar  sha£\&.** — BmULvnit 
JVeufs. 

**  Wai  be  rttfarded  by  civil  en^neen  as  of  the  utmodl  va\v\e,«cA  c>\c»aNa^«A.X»^»!' 
much  time  aad  obviate  many  nustakes."*— C0//»rry  GMardiait. 
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Survey  Practice. 

AID  TO  SURVEY  PRACTICE :   for  Reference  in  Surveying, 

Levelling,  Setting-out  and  in  Route  Surveys  of  Travellers  by  Land 

and  Sea.     With  Tables,   Illustrations,  and  Records.     By  Lewis 

D'A.  Jackson,  A-M.I.C.E.     Author  of  **  Hydraulic  Manual  and 

Statistics,"   **  Canal  and  Culvert  Tables,"  &c.     Large  crown,  8vo, 

I2J.  (ui.,  cloth.  \yust  publishd. 

**  Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  siuveyor.    We  can 

recommend  this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the 

accomplished  surveyor." — Athetuntm. 

"A  general  text  book  was  wanted,  and  we  are  able  to  speak  with  c<wfidence  of 
Mr.  Jackson's  treatise.  .  .  .  We  cannot  recommend  to  the  student  who  knows 
Bomcthin|;  of  the  mathematical  principles  of  the  subject  a  better  course  than  to  fortify 
his  practice  in  the  field  under  a  competent  surveyor  with  a  study  of  Mr,  Jadcsoa^ 
useful  manual.  The  field  records  illustrate  every  kind  of  survey,  and  will  be  found 
an  essential  aid  to  the  fX\xAttiX.y— Building  News. 

**  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  pnu:tical  expe* 
rience  which,  aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  both  a  very 
useful  one  and  very  agreeable  to  read." — liuilder. 

Sanitary  Work. 

SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND 
IN  VILLAGES.  Comprising : — I.  Some  of  the  more  Common 
Forms  of  Nuisance  and  their  Remedies  ;  2.  Drainage  ;  3.  Water 
Supply.  By  Chas.  Slagg,  Assoc.  Inst.  C.E.  Crown  ovo,  3J.  cloth, 
"A  very  useful  book,  and  may  be  s.ifely  recommended.  The  author  has  had 
practical  experience  in  the  works  of  which  he  treats."— ^wVi^rr. 

Locomotives. 

LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on.  Com- 
prising  an  Historical  Sketch  and  Description  of  the  Locomotive 
Engine.  By  G.  D.  Dempsey,  C.E.  With  large  additions  treat- 
ing of  the  Modern  Locomotive,  by  D.  Kinnear  Clark,  C.E, 
M.I.C.E.,  Author  of  "Tramways,  their  Construction  and  Working," 
&c.,  &c.  With  numerous  Illustrations.  i2mo.  31.  6c{.  cloth  boards. 
"  The  student  cannot  fail  to  profit  largely  by  adopting  this  as  his  preliminary  text- 
book,"— Iron  and  Coal  Trades  Review. 

"  Seems  a  model  of  what  an  elementary  technical  book  should  be." — Academy. 

Fuels  and  their  Economy. 

FUEL,  its  Combustion  and  Economy;  consisting  of  an  Abridg- 
ment of  **  A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention 
of  Smoke."  By  C.  W.  Williams,  A.I.C.E.  With  extensive 
additions  on  Recent  Practice  in  the  Combustion  and  Economy  of 
Fuel — Coal,  Coke,  Wood,  Peat,  Petroleum,  &c.  ;  by  D.  Kin- 
near  Clark,  C.E.,  M.LC.E.  Second  Edition,  revised.  With 
numerous  Illustrations.  i2mo.  41.  cloth  boards!  \Ju5t  published, 
"  Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete  and  satis- 
factory treatises  on  the  combustion  and  economy  of  fuel  to  be  had." — Engineer. 

Roads  and  Streets. 

THE  CONSTRUCTION  OF  ROADS  AND  STREETS.  In 
Two  Parts.  I.  The  Art  of  Constructing  Common  Roads.  By 
Henry  Law,  C.E.  Revised  and  Condensed  by  D.  Kinnear 
Clark,  C.E.— II.  Recent  Practice  in  the  Construction  of  Roads 
and  Streets :  \ne\Mdvt\!^'^«iNwoftxvU  of  Stone,  Wood,  and  Asphalte. 
By  D.  KinHB.AiL  Cv^^^,  C^^  \\.\»^,^.  %^^<ciwd  Edition, 
revised.     i2mo,  S*-  c\o^.  . 

Buiiding  N€ws. 
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Sewing  Machine  {The), 

SE\yiNG  MACHINERY ;  being  a  Practical  Manual  of  the 
Sewing  Machine,  comprising  its  History  and  Details  of  its  Con- 
struction, with  full  Technical  Directions  for  the  Adjusting  of  Sew- 
ing Machines.  By  J.  W.  Urquhart,  Author  of  "Electro 
Plating:  a  Practical  Manual;*'  "Electric  Light:  its  Production 
and  Use."  With  Numerous  Illustrations.  i2mo,  7s.  (xi.  cloth 
boards.  [Just  published. 

Field- Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON. 
TRACTOR'S  FIELD-BOOK.  By  W.  Davis  Haskoll,  C.E. 
Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of 
Systems,  and  Use  of  Theodolite  for  Traverse  Surveying  and  Plotting 
the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only ;  Levelling  with  the  Theodolite,  Casting  out  and  Re- 
ducing Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary 
manner;  Setting  out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Miutiples  with  Right  and  Left-hand  Readings  of  the 
Instrument ;  Setting  out  Curves  without  Theodolite  on  the  System 
of  Tangential  Angles  by  Sets  of  Tangents  and  Offsets ;  and  Earth- 
work Tables  to  80  feet  deep,  calculated  for  every  6  inches  in  depth. 
With  numerous  woodcuts.  4th  Edition,  enlarged.  Cr.  8vo.  I2J.  cloth. 
"  The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 

of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 

genuine  traverse  tables  existing  all  the  same." — AthenttUfK, 

"  Cannot  fail,  from  its  portability  and  utility,  to  be  extensively  patronised  by  the 

engineering  profession." — Mining  Joumai, 

Earthwork,  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK,    By  Alex.  J.  S.  Graham, 
C.E.,  Resident  Engineer,  Forest  of  Dean  Central  Railway.    With 
numerous  Diagrams.     i8mo,  2j,  6d.  doth. 
*'  As  a  really  handv  book  for  reference,  we  know  of  no  work  equal  to  it ;  and  the 
railway  cnsineers  and  others  employed  in  the  measurement  and  calculation  of  earth- 
work will  nnd  a  great  amount  of  practical  information  very  admirably  arranged,  and 
available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers*  contractor's  offices." — Ariisan, 

Drawing  for  Engineers,  &c, 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich,  formerly  of  R.  S.  N.  A., 
South  Kensington.  Fourth  Edition,  carefully  revised.  With  upwards 
of  300  Plates  and  Diagrams.     i2mo,  cloth,  strongly  bound,  4r. 

*'  A  copy  of  it  should  be  kept  for  reference  in  evoy  drawing  office." — Engineering. 

**  Indispensable  for  teachers  of  engineering  dn'mag.**~'MecAanics*  Mmgazine, 

Wealds  Dictionary  of  Terms. 

A    DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,   METALLURGY, 
ARCHi€OLOGY,  the  FINE  ARTS,  &c.     By  John  Wealk. 
Fiflh  Edition,  revised  by  Robert  Hunt,  F.R.S.,  Keeper  of  Mining 
Records,  Editor  of  **  Ure's  Dictionary  of  Arts."   l2mo,  6s.  cL  bds. 
"  The  best  small  technological  dictionary  in  the  language." — Architect. 
"  The  absolute  accuracy  of  a  work  of  tms  character  casv  oo^f  Vm.  V^i&si^  ^^  ^tS^wt. 
extensive  consultztion,  and  from  our  txanuDAUou  Vt  ».7g«ax%  'h^t^  ^<sn«^X  va^  x^sri 
camphte.''-'AfiMin£  JifHrHaL 
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MINING.   METALLURGY,   ETC. 

♦ 

Metalliferous  Minerals  and  Mining. 

A  TREATISE  ON  METALLIFEROUS  MINERALS   AND 

MINING.     By  D.C.  Davies,  F.G.S.,  author  of  **  A  Treatise  on 

Slate  and  Slate  Quarrying."     With  numerous  wood  engravings. 

Second  Edition,  revised.  Cr.  8vo.  \2s.  6d.  cloth.      [yustpublishid, 

**  Without  question,  the  most  exhaustive  and  the  most  practically  useml  work  we 

have  seen  ;  the  amount  of  information  given  is  enormous,  and  it  is  g^iven  concisely 

and  intelligibly."— iVfWw^  Journal. 

**  The  volume  is  one  which  no  student  of  mineralogy  should  be  without*— C«//«rr7 
Guart/iau. 

*'  llie  author  has  gathered  together  from  all  available  sources  a  vast  amoant  of 
really  useful  information.  As  a  history  of  the  present  state  of  mining  throughout 
the  world  this  book  has  a  real  value,  and  it  supplies  an  actual  want,  for  no  such  mfor 
mation  has  hitherto  been  brought  together  within  such  limited  space." — Atkeiutum, 

Slate  and  Slate  Quarrying. 

A  TREATISE  ON  SLATE  AND  SLATE  QUARRYING, 
Scientific,  Practical,  and  Commercial.  By  D.  C.  Davies,  F.G.S., 
Mining  Engineer,  &c.  With  numerous  Illustrations  and  Folding 
Plates.  Second  Edition,  carefully  revised.  1 2mo,  3J.  6r/.  cloth  boards. 
*'  Mr.  Davies  has  written  a  useful  and  practical  hand-book  on  an  important  industry, 
with  all  the  conditions  and  details  of  which  he  appears  familiar.*' — Engineering. 

"  The  work  is  illustrated  by  actual  practice,  and  is  unusually  thorough  and  ludd. 
.    .     .    Mr.  Davies  has  completed  his  work  with  industry  and  skill.'* — Bui/der, 

Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON :  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.,  Associate  of  the 
Royal  School  of  Mines.  With  numerous  Illustrations.  Fourth 
Edition,  revised  and  much  enlarged.  i2mo,  doth  boards,  5/. 
*'  Has  the  merit  of  brevity  and  conciseness,  as  to  less  ixnportant  points,  while  all 
material  matters  are  very  fully  and  thoroughly  entered  velXo.  —SUmaard. 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.  By  William  Morgans,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.  Volume  of  Text 
l2mo,  3J.  With  an  Atlas  of  Plates,  containing  235  Illustrations. 
4to,  dr.  Together,  9j.  cloth  boards. 
'*  Students  in  the  Science  of  Mining,  and  Overmen,  Captains,  Managers,  and 

Viewers    may   gain  practical  knowledge  and  useful  hmts  by  the   study   of  Mr. 

Morgans'  Manual." — Colliery  Guardian. 

Minings  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables ;  and  Descriptions  of  Im- 
proved Instruments  ;  also  an  Exposition  of  the  Correct  Principles 
of  La3ring  out  and  Valuing  Home  and  Foreign  Iron  and  Coal 
Mineral  Properties.  By  William  Lintern,  Minhig  and  Civfl 
Engineer.  "WilVi  {o\a'\?\aXtaolIiS3a:EPMDas,  Plans,  &c.,  i2mo,  41.  doth. 
"  Contiuiis  much  valuable  Vaionna&ou  ^g:wB.'vci  «l  «naS^  c»<EK^i»m^  vcA^\\.vdh^  as  &r 
as  we  have  tested  it,  is  tiiowm^^  vru«x^w<5«CK^ '*~lr«H«id  Co«X  Tr^  K««ucm. 

Price  is.  W.  doilu 
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Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING :  a  Rudimentary  Treatise  on.    By 

Warington  W.  Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector 

of  the  Mines  of  the  Crown.     Fifth  edition,  revised  and  corrected. 

i2mo,  with  numerous  Illustations,  4r.  cloth  boards. 

"  Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 

as  an  outlme  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as 

of  the  tMTo  principal  methods  of  working,  the  book  will  doubtless  interest  a  very 

large  number  of  readers." — Mining  youmeU. 

Underground  Pumping  Machinery. 

MINE  DRAINAGE ;  being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with 
a  Description  of  a  large  number  of  the  best  known  Engines,  their 
General  Utility  and  the  Special  Sphere  of  their  Action,  the  Mode 
of  their  Application,  and  their  merits  compared  with  other  forms 
of  Pumping  Machinery.  By  Stephen  Michell,  Joint-Author  of 
**  The  Cornish  System  of  Mine  Drainage."  8vo,       [Nearly  ready. 


^kykL  ARCHITECTURE,  NAVIGATION,  ETC. 
Pocket  Book  for  Naval Architects&  Shipbuilders. 

THE  NAVAL  ARCHITECTS  AND  SHIPBUILDER'S 
POCKET  BOOK  OF  FORMUL/E,  RULES,  AND  TABLES 
AND  MARINE  ENGINEER'S  AND  SURVEYOR'S  HANDY 
BOOK  OF  REFERENCE.  By  Clement  Mackrow,  Naval 
Draughtsman,  Associate  of  the  Institution  of  Naval  Architects. 
With  numerous  Diagrams,  &c  Fcap.,  strongly  bound  in  leather, 
with  elastic  strap  for  pocket,  \2s.  6d, 
'*  Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels.** 
— Engineer. 

"  There  is  scarcely  a  subject  on  which  a  naval  architect  or  shipbuilder  can  require 
to  refresh  bus  memory  which  will  not  be  found  within  the  covers  of  Mr.  Mackrow's 
book." — English  Mechanic. 

"  Mr.  Mackrow  has  compressed  an  extraordinary  amount  of  information  into  this 
useful  yolume."— A  ih^rmturn. 

Granthanis  Iron  Ship-Building. 

ON  IRON  SHIP-BUILDING;  with  Practical  Examples  and 
Details.  Fifth  Edition.  Imp.  4to,  boards,  enlarged  from  24  to  40 
Plates  (21  quite  new),  including  the  latest  Elxamples.  Together 
with  separate  Text,  also  considerably  enlarged,  i2mo,  cloth  limp. 
By  John  Grantham,  M.  Inst.  C.E.,  &c.    2/.  zr.  complete. 

**  Mr.  Grantham's  work  is  of  great  interest.  It  will,  we  are  confident,  command  an 
extensive  circulation  among  shipbuilders  in  general.  By  order  of  the  Board  of  Admi- 
ralty, Uie  work  mtUI  form  the  text-book  on  which  the  examination  in  iron  ship-building 
of  candidates  for  promotion  in  the  dockyards  will  be  mainly  based." — Engimering. 

Pocket-Book  for  Marine  Engineers. 

A  POCKET-BOOK   OF    USEFUL    TABLES   AND   FOR- 
MULAE FOR  MARINE  ENGINEERS.  By  Frank  Proctor, 
A.LN.A.     Second  Edition,  revised  and  enlarged.    Royal  32mo, 
leather,  jilt  edges,  with  strap,  4;. 
"A  mou  uaeful  companioa  to  all  marine  engiaftw*.*'— UwiUA  Srroice  ^i«»^*;  ^ 
"Scarcely  anything  required  by  a  naval  eni,\iwitT  VTC<«ax%  Vi  ^k«^  ^"^^^^  ^''^ 


12  WORKS  IN  NAVAL  ARCHITECTURE,  ETC, 

Light-Houses. 

EUROPEAN  UGHT-HOUSE  SYSTEMS  ;  being  a  Report  of 
a  Tour  of  Inspection  made  in  1873.  By  Major  George  H. 
Elliot,  Corps  of  Engineers,  U.S. A.  Illustrated  by  51  En- 
gravings and  31  Woodcuts  in  the  Text.    8to,  2ix.  cloth. 

Surveying  (Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers, 
Towns'  Water  Supplies,  Docks  and  Harbours ;  with  Description 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  CE. 
With  14  folding  Plates,  and  numerous  Woodcuts.  Svo,  12s,  6d.  doth. 

"  A  most  useful  and  well  arranged  book  for  the  aid  of  a  student** — Bmildtr. 

"  Of  the  utmost  practical  utiUty,  and  may  be  safely  recommended  to  all  stodcnti 
who  aspiie  to  become  clean  and  expert  surveyors.** — MtMing  Journal, 

Storms. 

STORMS :  their  Nature,  Classification,  and  Laws,  with  the 
Means  of  Predicting  them  by  their  Embodiments,  the  Clouds, 
liy  William  Blasius.     Crown  Svo,  lOf.  dd,  cloth  boards. 

Rudimentary  Navigation. 

THE  SAILOR'S  SEA-BOOK:  a  Rudimentary  Treatise  on  Navi- 
gation. By  James  Greenwgod,  B.A.  New  and  enlarged  edition. 
By  W.  H.  Rosser.     i2mo,  y,  cloth  boards. 

Mathematical  and  Nautical  Tables. 

MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.  By  Henry  Law,  C.E.  Together  with  a  Series  of 
Tables  for  Navigation  and  Nautical  Astronomy.  By  J.  R. 
Young,  formerly  Professor  of  Mathematics  in  Belfast  College. 
New  Edition.     i2mo,  4J.  cloth  boards. 

Navigation  {Practical)^  with  Tables. 

PRACTICAL  NAVIGATION  :  consisting  of  the  Sailor's  Sea- 
Book,  by  James  Greenwood  and  W.  H.  Rosser  ;  together 
with  the  requisite  Mathematical  and  Nautical  Tables  for  the  Work- 
ing of  the  Problems.  By  Henry  Law,  C.E.,  and  Professor 
J.  R.  Young.  Illustrated  with  numerous  Wood  Engravings  and 
Coloured  Plates.     i2mo,  yj.  strongly  half  bound  in  leather. 


WHALE'S  RUDIMENTARY   SERIES. 

ThefoUorwiug  books  in  Naval  Architecture^  etc. ,  are  published  in  the 

abot>e  series, 

MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS.     By 
Robert  Kipping,  N.  A.   Fourteenth  Edition.   i2mo,  tj.  6d.  cloth. 

SAILS  AND  SAIL-M AKIN G.  Tenth  Edition,  enlarged.  By  Robert 

Kipping,  N.A.     Illustrated.    i2mo,  31.  cloth  boards. 
NAVAL  ARCHlTECT\3^ie..    ^^^kwes  \I^milil,    Fourth  EdiUon, 
with  Plates  and  Diagwcms.    lamo,  a,s.  etfi>;^\iKsw^s^ 
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ARCHITECTURE,   BUILDING,  ETC. 
Construction.  — ♦— 

THE  SCIENCE  of  BUILDING:  An  Elementaiy  Treatise  on 

the  Principles  of  Constrnction,     By  E.  Wyndham  Tarn,  M.A., 

Arcliitect.    With  47  Wood  Engravings.    Demy  8vo.    &r.  6^.  cloth. 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — Builder, 

**  No  architectural  student  should  be  wiuiout  this  Yxxa^AiooV.**— Architect, 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE ;  being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Detailed  Specihcations  and  Estimates.  By  C.  Wickes,  Architect, 
Author  of  "The  Spires  and  Towers  of  the  Mediaeval  Churches  of  Eng- 
land," &c  31  Plates,  4to,  half  morocco,  gilt  edges,  U,  is, 
*»*  Also  an  Enlarged  edition  of  the  above.     61  Plates,  with  Detailed 

.     Specifications,  Estimates,  &c.      2/.  2s,  half  morocco. 
"  The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic 
architect,  and  they  will  prove  very  valuable  and  suggestive.  — Buildin/i;  Netut, 

Useful  Text' Book  for  Architects. 

THE  ARCHITECT'S  GUIDE  :  Being  a  Text-book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors, 
Clerks  of  Works,  &c,  &c.  By  Frederick  Rogers,  Architect, 
Author  of  * 'Specifications  for  Practical  Architecture,"  &c.  With 
numerous  Illustrations.  Crown  8vo,  dr.  cloth. 
"  As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it 
would  be  hard  to  find  a  handier  or  more  complete  Utile  volume."— %S'/nWdn{/. 

Taylor  afid  Cresys  Rome, 

THE  ARCHITECTURTAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  Taylor,  Esq.,  F.S.A.,  and  Edward  Cresy,  Esq. 
New  Edition,  thoroughly  revised,  and  supplemented  under  the 
editorial  care  of  the  Rev.  Alexander  Taylor,  M.A.  (son  of 
the  late  G.  L.  Taylor,  Esq.),  Chaplain  of  Gray's  Inn.  This  is 
the  only  book  which  gives  on  a  large  scale,  and  with  the  precision 
of  architectural  measurement,  the  principal  Monuments  of  Ancient 
Rome  in  plan,  elevation,  and  detau.  Large  folio,  with  130  Plates, 
half-bound,  3/.  %s. 
*•*  Originally  published  in  two  volumes,  folio,  at  18/.  1 8/. 

Vitncvius'  Architecture, 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Translated  by  Joseph  Gwilt,  F.S.A.,  F.R.A.S. 
Numerous  Plates.     l2mo,  cloth  limp.    51. 

The  Young  Architect's  Book, 

HINTS  TO  YOUNG  ARCHITECTS.     By  George  Wight- 
WICK,    Architect.      New  Edition,  revised  and  enlarged.     By  G. 
HusKissoN  Guillaume,  Architect.     i2mo,  cloth  boards,  4f. 
"  Will  be  found  an  acquisition  to  pupils,  and  a  copy  ought  to  be  considered  as 
necessary  a  purchase  as  a  box  of  instruments." — Architect. 

**  A  large  amount  of  information,  which  young  architecu  will  do  well  to  acquire,  if 
they  wish  to  succeed  in  the  everyday  work  of  their  profession."— A'/i^^/mA  Alechanic, 

Drawing  for  Builders  and  Students. 

PRACTlCAh  RULES  Oil  D^K^ Y^^  lot  SJwt  <^^^«X.K^VA^ 
BUILDER  and  YOUNG  ST\3T>^^t  Ss^  K:^^VC^^^::^XS%X., 
By  GKOBtGS  Pynb.     Witk  H  ^^a!t«i  ^'^^»  1*-  fid,\ww^^ 
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The  House-Owner^s  Estimator. 

THE    HOUSE-OWNER'S    ESTIMATOR ;    or,  What  wOl  it 
Cost  to  Build,  Alter,  or  Repair?    A  Price-Book  adapted  to  the 
Use  of  Unprofessional  People  as  well  as  for  the  Architectural 
Surveyor  and  Builder.    By  the  late  James  D.  Simon,  A.R.I.R  A. 
Edited  and  Revised  by  Franxis  T.  W.  Miller,  Surveyor.    With 
numerous  Illustrations.     Second  Edition,  with  the  prices  caiefoUy 
corrected  to  present  time.     Crown  8vo,  doth,  3/.  6d, 
"In  two  yean  it  will  repay  its  cost  a  hundred  times  over." — Field, 
"  A  very  nandy  book  for  those  who  want  to  know  what  a  house  will  cost  to  build, 
alter,  or  repair.**— £/<f/«A  Mechanic. 

Boiler  and  Factory  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS  ;  their  Draught-power 
and  Stability,  with  a  cliapter  on  Lightning  Conductors.  By  Robert 
Wilson,  C.E.,  Author  of  "Treatise  on  Steam  Boilers,"  &c.,  &c 
Crown  8vo,  3J.  6</.  cloth. 

Civil  and  Ecclesiastical  Building. 

A  BOOK  ON  BUILDING,  CIVIL  AND  ECCLESIASTICAL, 
Including  Church  Restoration.  By  Sir  Edmund  Beckett, 
Bart.,  LL.D.,  Q.C.,  F.R.A.S.,  Chancellor  and  Vicar- General 
of  York.  Author  of  "Clocks  and  Watches  and  Bells,"  &c 
Second  Edition,  i2mo,  5j.  cloth  boards. 
*'  A  book  which  is  always  amusing  and  nearly  always  instructive.     Sir  E.  Beckett 

will  be  read  for  the  raciness  of  his  style.    We  are  able  very  cordially  to  recommend 

all  persons  to  read  it  for  themselves.    The  style  throughout  is  in  the  highest  degree 

C(»densed  and  epigrammatic."— T'/m/x. 

"  We  commend  the  book  to  the  thoughtful  consideration  of  all  who  are  interested 

in  the  building  Mt."— Builder, 

Architecture,  Ancient  and  Modern. 

RUDIMENTARY  ARCHITECTURE,  Ancient  and  Modem. 
Consisting  of  VITRUVIUS,  translated  by  Joseph  Gwilt, 
F.S.A.,  &c.,  with  23  fine  copper  plates;  GRECIAN  Archi- 
tecture, by  the  Earl  of  Aberdeen  ;  the  ORDERS  of 
Architecture,  by  W.  H.  Leeds,  Esq. ;  The  STYLES  of  Archi- 
tecture  of  Various  Countries,  by  T.  Talbot  Bury;  The 
PRINCIPLES  of  DESIGN  in  Architecture,  by  E.  L.  Garbktt. 
In  one  volume,  half-bound  (pp.  1,100),  copiously  illustrated,  I2j. 
*^*  Sold  separately  J  in  two  vols.,  asjfbllows — 

ANCIENT    ARCHITECTURE.      Containing  Gwilt's    Vitruvius 
and  Aberdeen's  Grecian  Architecture.     Price  or.  half -bound. 

N.  B.  —  This  is  the  only  edition  of  VITRUVIUS  procurable  at  a 
moderate  price. 

MODERN  ARCHITECTURE.    Containing  the  Orders,  by  Leeds ; 
The  Styles,  by  Bury;  and  Design,  by  Garbett     dr.  half-bound. 

House  Painting. 

HOUSE    PAINTING,    GRAINING,     MARBLING,     AND 

SIGN   WRITING  :   a  Practical  Manual  of.      With  9  Coloured 

Piates  of  Woods  and  Marbles,  and  nearly  150  Wood  Engravings. 

By  Ellis  A.  Davidsoi^,  KuvVox  ol^'^'fi«i:^'^xi^C^Tfifc^ctjLoii^"  &c 

Tiiiid  Edition,  carefaWv  tcvvse^.    laxno^  ^.  Otf2fCci\»(axft&, 

*'  Contains  a  mass  of  mformation  o£  uaft  X<i  >ii*  waaXwax  «aA  <i1  x^>»  \a  "(^ir^  vnKSKMa^ 
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Plumbing. 

PLUMBING ;  aTcxt-book  to  the  Practice  of  the  Art  or  Craft  of  the 
Plumber.  With  chapters  upon  House-drainage,  embodying  the 
latest  Improvements.  By  W.  P.  Buchan,  Sanitary  Engineer. 
Second  Edition,  enlarged,  with  300  illustrations,  i2mo.  4r.  cloth. 
**  The  chapters  on  house-drainage  may  be  usefully  consulted,  not  only  by  plumbers, 
but  also  by  engineers  and  all  engaged  or  interested  in  house- building.  ' — Iron. 

Handbook  of  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
np  Specifications  and  Contracts  for  Works  and  Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  by  eminent 
Architects  and  Engineers.  By  Professor  Thomas  L.  Donald- 
son, M.I.B.A.  New  Edition,  in  One  large  volume,  8vo,  with 
upwards  of  1000  pages  of  text,  and  33  Plates,  cloth,  i/.  \\s,  6d, 
*'ln  this  work  forty-fo\ir  specifications  of  executed  works  are  given.  .  .  .  Donald- 
son's Handbook  of  Specifications  must  be  bought  by  all  architects." — Builder. 

Specifications  for  Practiced  Architecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE: 
A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ;  with 
an  Essay  on  the  Structure  and  Science  of  Modem  Buildings.  By 
Frederick  Rogers,  Architect.    8vo,  151.  cloth. 

***  A  yolumeof  specifications  of  a  practical  character  being  greatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  bemg  out  of  print,  the  author,  on  the  basis 
of  that  work,  has  produced  the  above. — Extract  from  Preface, 

Designing,  Measuring,  and  Valuing. 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEA- 
SURINGand  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  brining 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c.  With  43  Plates  and  Wood- 
cuts. Originally  edited  by  Edward  Dobson,  Architect,  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  useful  Tables  for  facilitating  Calculations  and  Measure- 
ments.   By  E.  Wyndham  Tarn,  M.A.,  8vo,  lOf.  dd,  cloth. 

"  Well  fulfils  the  promise  of  its  title-page.  Mr.  Tarn's  additions  and  revisions  have 
much  increased  the  usefulness  of  the  wonc" — Eniineering. 

Beaton  s  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners'  work,  priced  according  to  the  present  value  of  material 
and  labour.  By  A.  C.  Beaton,  Author  of  **  Quantities  and 
Measurements."    Second  Edition.    Waistcoat-pocket  size.    \s,  6<i, 

Beaton* s Builders*  and  Surveyors  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  contaming  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  in 
ail  the  Building  Trade*,  &c  ^^  k,  C^iuct^^.  ^^533^^  ^^>5.. 
Waistcoat-pocket  uze.     \i.  6({. 
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Builder^ s  and  Contractors  Price  Book. 

LOCKWOOD  &  CO.'S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK,  containing  the  latest  prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  and  of  all  Trades  connected  with  Building, 
Ac,  &c.  The  whole  revised  and  edited  by  F.  T.  W.  Miller, 
Architect  and  Surveyor,     Fcap.  half-bound,  41. 


CARPENTRY,  TIMBER,  ETC. 

♦ 

TredgolcTs  Carpentry y  new  and  cJieaper  Edition. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY: 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &a  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c, 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building  ;  also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  Materiids,  &c.  By  Thomas  Tredgold, 
C.E.  Edited  by  Peter  Barlow,  F.R.S.  Fifth  Edition,  cor- 
rected  and  enlarged.  With  64  Plates  (i  i  of  which  now  first  appear 
in  this  edition).  Portrait  of  the  Author,  and  several  Woodcuts.  lu 
I  vol.,  4to,  published  at  2/.  2J.,  reduced  to  i/.  51.  doth. 
"  Ought  CO  be  in  every  architect's  and  every  builder's  library,  and  those  who 
do  not  already  posses*  it  ought  to  avail  themselves  of  the  new  issue.  — BtuUer. 

"A  work  whose  monumental  excellence  must  commend  it  whererer  skilful  car- 
pentry is  concerned.  The  Author's  principles  are  rather  confirmed  than  impaired  by 
t  me.    The  additional  plates  are  of  great  intrinsic  value." — BuUding  l/ems. 

Grandys  Timber  Tables. 

THE   TIMBER   IMPORTERS,   TIMBER   MERCHANTS, 

and  BUILDER'S    STANDARD  GUIDE.      By  Richard  E. 

Grandy.     Comprising  : — An  Analysis  of  Deal  Standards,  Home 

and  Foreign,  witn  comparative  Values  and  Tabular  Arrangements 

for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  Deals, 

including  all  intermediate  Expenses,  Freight,  Insurance,  &c,  &c.  ; 

together  with  Copious  Information  for  the  Retailer  and  Builder. 

2nd  Edition.    Carefully  revised  and  corrected.    i2mo,  y,  6d,  doth. 

"  Everything  it  pretends  to  be :  built  up  gradu^ly,  it  leads  one  from  a  forest  to  a 

treenail,  and  throws  in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns, 

cisterns,  &c. — all  that  the  class  to  whom  it  appeals  requires." — EHglisk  Mtckanic, 

Timber  Freight  Book, 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS* 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  all  Dealers  in  Wood  whatsoever.  By  William 
Richardson,  Timber  Broker.     Crown  8vo,  6x.  cloth. 

Tables  for  Packing-Case  Makers. 

PACKING-CASE  TABLES  ;  showing  the  number  of  Superficial 
Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and 
npwArds.  Compiled  Vf  vdiAAKM.  Bjlcuardson^  Accountant 
Second  Edition.  OUom  At^o,  v-  W.  ^oiOa..  ^^  ^     _^ 
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HortorCs  Measurer. 

THE  COMPLETE  MEASURER;  setting  forth  the  Measure- 
ment  of  Boards,  Glass,  &c  ;  Unequal-sided,  Square-sided,  Oc- 
tagonal-sided, Round  Timber  and  Stone,  and  Standing  Timber. 
With  just  allowances  for  the  bark  in  the  respective  species  of 
trees,  and  proper  deductions  for  the  waste  in  hewing  the  trees, 
&c. ;  also  a  Table  showing  the  solidity  of  hewn  or  eight-sided 
timber,  or  of  any  octagonal-sided  colunm.  By  Richard  Horton. 
Fourth  edition,  with  considerable  and  valuable  additions,  i2mo, 
strongly  bound  in  leather,  5j. 

Norton  s  Underwood  and  Woodland  Tables. 

TABLES  FOR  PLANTING  AND  VALUING  UNDER- 
WOOD AND  WOODLAND  ;  also  Lineal,  Superficial,  Cubical, 
and  Decimal  Tables,  &c     By  R.  HoRTON.     i2mo,  is.  leather. 

Nicholsons  Carpenter s  Guide. 

THE  CARPENTER'S  NEW  GUIDE;  or,  BOOK  of  LINES 
for  CARPENTERS :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  Peter  Nicholson's  stands^  work.  A  new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  George  Pyne.     With  74  Plates,  4to,  i/.  u.  doth. 

Dowsing' s  Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM- 
PANION ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  also  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred,  &c.,  &c.  Also  a  variety  of  other  valuable  information. 
By  William  Dowsing,  Timber  Merchant  Third  Edition,  Re- 
vised. Crown  8vo,  y.  cloth. 
"EvoTthing  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no 
doubt  that  every  timber  merchant  and  builder  ought  to  possess  it" — Hull  Advertiser. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT,  bein^  a  Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprising  useful  Tables  for  all  purposes  connected  with  the 
Timber  Trade,  Essay  on  the  Strengtn  of  Timber,  Remarks  on  the 
Growth  of  Timber,  &c  By  W.  Richardson.  Fcap.  8vo,  3J.  6d.  cl. 

Woodworking  Machinery. 

WOODWORKING    MACHINERY ;    its  Rise,    Progress,    and 

Construction.     W'ith  Hints  on  the  Management  of  Saw  Mills  and 

the  Economical  Conversion  of  Timber.     Illustrated  with  Examples 

of  Recent  Designs  by  leading  English,   French,   and   American 

Engineers.     By  M.  Powis  Bale,  M.I.M.E.     Large  crown  8vo, 

\2s.  6(i.  cloth.  ^ust published. 

"  Mr.  Rale  is  evidently  an  expert  on  the  subject,  and  be  has  collected  so  much 

information  that  his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  zovi- 

version  of  timber."-— y4r(fAiVr<r/. 

**  The  most  comprehensive  compendium  of  wood-working   TOacKvuct^  Ht<e.  Vck*^ 
seen.    The  author  is  a  thorough  master  of  his  subjecA.*' — Bitiulin«:  Nro»».  , 

"/«  shauW  be  m  the  office  of  every  wood-woi^\n|L  laidcfn  **— ^'^S^^*^  MecKa*\c 
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MECHANICS,  ETC. 
Mechanics  Workshop  Companion. 

THE  OPERATIVE  MECHANIC'S  WORKSHOP  COM- 
PANION,  and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL  ASSISTANT.  By  W.  Templkton.  12th  Edit.,  with 
Mechanical  Tables  for  Operative  Smiths,  Millwrights,  Engineers, 
&c ;  and  an  Extensive  Table  of  Powers  and  Roots,  l2mo,  5^.  bound. 
"  As  a  text-book  in  which  mechanical  and  commercial  demands  are  judiciously  met, 
Tbmplrton's  Companion  stands  ysxavnXi<t^'* --Mechanics*  Mageizine, 

'*  Admirably  adapted  to  tlie  wants  of  a  very  lar|^  class.  It  has  met  with  great 
soocess  in  the  engineering  workshop,  as  we  can  testify ;  and  there  are  a  great  many 
men  who.  in  a  great  measure,  owe  their  rise  in  life  to  this  Uttle  work." — ButuuMg  Nnn, 

Engineers  and  Machinist's  Assistant. 

THE  ENGINEER'S,  MILLWRIGHTS,  and  MACHINIST'S 
PRACTICAL  ASSISTANT  ;  comprising  a  CoUecUon  of  Useful 
Tables,  Rules,  and  Data.  Compiled  and  Arranged,  with  Original 
Matter,  by  Wm.  Templeton.  6th  Edition.  i8mo,  zr.  6d,  doth. 
"A  more  suitable  present  to  an  apprentice  to  any  of  the  mechanical  trades  cookl  not 
possibly  be  nuidc"— Building  ^etv*. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT.  Tables  calculated  from  I  to  200  inches  in  length, 
by  I  to  108  inches  in  breadth.  For  the  use  of  Architects,  Ei^[ineers, 
Timber  Merchants,  Builders,  &c.  By  J.  Hawkings.  Fcp.  jx.  td,  d 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE ;  an  Exposition 
of  its  Comparative  Merits,  and  an  Essay  towards  an  Improved 
System  of  Construction,  adapted  especially  to  secure  Safety  and 
Economy.  By  Dr.  Ernst  Alban,  Practical  Machine  Maker, 
Plau,  Mecklenberg.  Translated  from  the  German,  with  Notes,  by 
Dr.  Pole,  F.R.S.,M.LC.E.,  &c  With  28  Plates,  8to^  i6r.  6</.c1. 

Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
struction,  and  Economical  Working.  By  R.  Wilson,  C.E. 
Fifth  Edition.     i2mo,  6i.  cloth. 

"  The  best  work  on  boilers  which  has  come  under  our  notice.** — Euginttrinf. 

"  The  best  treatise  that  has  ever  been  published  on  steam  boilers.** — EngiHttr. 

Pozuer  in  Motion. 

POWER  IN  MOTION:  Horse  Power,  Toothed  Wheel  Gearing, 
Long  and  Short  Driving  Bands,  Angular  Forces,  &c.  By  James 
Armour,  C.E.     With  73  Diagrams.     i2nio,  3J.,  cloth. 

Mechanics. 

THE  HANDBOOK  OF  MECHANICS.  By  DiONYSius 
Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and 
Astronomy  in  University  College,  London.  New  Edition,  Edited 
and  considerabVY  Enlarged,  by  Benjamin  Loewy,  F.R.A.S.,&c., 
&c.     W  ith  37^  lY\vxsXt?L\:\oTv&,  v^\.%sq^  ^i.  ^ilotK. 

**  The  explatta^ons  ChroMiViouX.  %x*  ^Va^xowiw  <Qa^N^»>vA<:aic%\aa>sMia^ taken  to 
show  the  appUcatum  dC  \iie  vax\QA»\»csaicVi«fc  c^'^^^vs»\^^*>»^>Mftx«^^a^aK'^iaJv^ 
the  practi<»l businctt  olVUe."— Mtntng  ^ounwO, 
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MATHEMATICS,  TABLES,  ETC. 
Gregory's  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common, 
place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly 
for  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Part  I. 
Pure  Mathematics — comprising  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  Mixed  Mathematics — comprising  Mechanics  in  general. 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Materials.  With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.  By  Olinthus  Gregory, 
LL.  D.  ,  F.R.  a.  S.  Enlarged  by  Henry  Law,  C. E.  4th  Edition, 
carefully  revised  and  corrected  by  J.  R.  Young,  formerly  Profes- 
sor of  Mathematics,  Belfast  Coll.   With  13  Plates.  8vo,  i/.  ix.  cloth. 

"  The  engineer  or  architect  will  here  find  ready  to  his  handfTules  for  solving  nearly 
every  mathematical  difficulty  that  may  arise  in  his  practice.  The  rules  are  in  all  cases 
explained  by  means  of  examples  clearly  worked  out" — Builder. 

"  One  of  the  most  serviceable  books  for  practical  mechanics. . . .  "-^BuiUiMg  Nn»s, 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  System  at  present  in  use  on  the  Continent  By  C.  H. 
Dowling,  C.E.  2nd  Edit,  revised  and  cmlarged.  8vo,  lOf.  td,  cL 
"Their  accuracy  has  been  certified  by  Prof.  Airy,  Astrooomer-RoyaL'*— ^»ft&/(rr. 

InwoocTs  Tables,  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold;  Annuities,  Advowsons,  &c,  and  for  the 
Renewing  of  Leases  held  under  Cathedral  Churches,  Colleges,  or 
other  corporate  bodies ;  for  Terms  of  Years  certain,  and  for  Lives  ; 
also  for  Valuing  Reversionary  Estates,  Deferred  Annuities,  Next 
Presentations,  &c.,  together  with  Smart's  Five  Tables  of  Compound 
Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate 
Rates.  By  William  Inwood,  Architect  The  21st  edition,  with 
considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difficult  Computations  of  the  Interest  of  Money,  Dis- 
count, Annuities,  &c,  by  M.  F&dor  Thobian^  of  the  Sod^te 
Credit  Mobilier  of  Paris.  l2mo,  &r.  cloth. 
'*  Those  interested  in  the  purchase  and^  sale^  of  estates,  and  in  the  adjustment  of 

compensation  cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will 

find  the  present  edition  of  eminent  service. ''--^ffi^Vt/^rM^. 

Geometry  for  the  Architect,  Engineer ^  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic;  giving  Rules  for  the  Delineation  and  Application  of 
various  Geometrical  Lines,  Figures  and  Curves.  By  £.  W.  Tarn, 
M.A.,  Architect,  Author  of  "The  Science  of  BuUdii^"  &c. 
With  164  Illustrations.    Demy  8vo.     \2s,  6d,  cloth. 

Mathematical  Instruments, 

MATHEMATICAL    INSTRUMENTS:     Their    Construction, 
Adjustment,  Testing,  and  Use  ;  com\»mvw^  "Dxvwvwj,,  \^^"as^T>5N!^ 
Optical,  Surveying,    and   AstTonom\ca\  InsXiMtasxiXs*    "^^  ^*^< 
Heather,  M.A.     Enlai-ged  EdUioti,  lot  VY^  moiN.  V«J^  tajS^^c^ 
re- written.    Numerous  Woodcuts,    laxao,  V*  ^^"^^^ 
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Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Computatioils  d 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and 
Uses  for  Mercantile  and  State  Purposes.  By  FfcDOR  Thohan, 
of  the  Society  Credit  Mobilier,  Paris.  3rd  Edit.,  i2mo,  4^.  dd,  cl. 
"  A  Tery  powerful  work,  and  the  Author  hns  a  very  remarkaMe  command  of  his 
fubject **—/*r^«i»r  A.  de  Morgan. 

Iron  and  Metal  Trades^  Calmlator, 

THE  IRON  AND  METAL  TRADES'  COMPANION: 
Being  a  Calculator  containing  a  Series  of  Tables  upon  a  new  and 
comprehensive  plan  for  expeditiously  ascertaining  the  value  of  any 
goods  bought  or  sold  by  weight,  from  is,  per  cwt.  to  Ii2j.  per 
cwt.,  and  from  one  farthing  per  lb.  to  \s,  per  lb.  Each  Table  ex- 
tends from  one  lb.  to  100  tons.  ByT.  Down  IE.  396  pp.,  qj.,  leather. 
**  A  most  userul  set  of  tablra,  and  will  supply  a  want,  for  nothing  like  them  before 
existed." — Building  Snvs. 

Iron  and  Steel. 

'IRON  AND  STEEL':  a  Work  for  the  Forge,  Foundry. 
Factory,  and  Office.  Containing  Information  for  Ironmasters  and 
their  Stocktakers  ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet  RoUijig 
Mills  ;  Iron  and  Metal  Founders  ;  Iron  Ship  and  Bridge  Builders ; 
Mechanical,  Mining,  and  Consulting  Engineers ;  Architects,  Builders, 
&c.  By  Charles  Hoare,  Author  of  'The  Slide  Rule,'  &c  Eighth 
Edition.  With  folding  Scales  of  **  Foreign  Measures  compared 
with  the  English  Foot,'*  and  ** fixed  Scales  of  Squares,  Cubes, 
and  Roots,  Areas,  Decimal  Equivalents,  &c."  Oblong,  32mo,  df., 
leather,  elastic-band. 
"  For  comprehensiveness  the  book  has  not  its  equal." — Iron, 

Comprehensive  Weight  Calculator, 

THE  WEIGHT  CALCULATOR;  being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  one  Reference 
the  exact  Value  of  any  Weight  from  lib.  to  15  tons,  a*.  300  Pro- 
gressive Rates,  from  i  Penny  to  168  Shillings  per  cwt.,  and  con- 
taining iS6,ooo  Direct  Answers,  which,  with  their  Combinations, 
consisting  of  a  single  addition  (mostly  to  be  performed  at  sight), 
will  afford  an  aggregate  of  10,266,000  Answers  ;  the  whole  l^ing 
calculated  and  designed  to  ensure  Correctness  and  promote 
Despatch.  By  Henry  Harden,  Accountant,  Sheffield.  New 
Edition.     Royal  8vo,  i/.  5^.,  strongly  half-bound. 

Comprehensive  Discotnit  Guide, 

THE  DISCOUNT  GUIDE  :  comprising  several  Series  of  Tables 
for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
by  which  may  be  ascertained  the  exact  profit  arising  from  any  mode 
of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a 
Price,  so  as  to  produce,  by  one  operation,  a  sum  that  will  realise 
any  required  profit  after  allowing  one  or  more  Discounts :  to  which 
are  added  Tables  oi  Yxo^l  o\  KdN;s.ivce  from  i^  to  90  per  cent., 
Tables  of  Discourvl  ^Tom  \\  vo  s{^\  v^t  ^v\.^\vxA'\^ii^^^^CiQmmis- 
sion.  &c,  from  ktoiov«  ^e^"^*  ^N^^^v-K^^K^^^^^K^s^PsssassBa.. 
New  Edition,  Dem^  ^vo.  fci  Vm^mJA-^^^^^ 
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SCIENCE   AND  ART. 
Dentistry.  — • — 

MECHANICAL  DENTISTRY.  A  Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures,  Com- 
prising also  Useful  Formuloe,  Tables,  and  Receipts  for  Gold 
I'late,  Clasps,  Solders,  etc.,  etc.  By  Charles  Hunter.  With 
numerous  Wood  Engravings.  Crown  8vo,  7j.  dd.  cloth. 
"  The  work  is  very  practical" — Monthly  Review  of  Dental  Surgery. 

"An  authoritative  treatise We  can  strongly  recommend  Mr.  Hunter's 

treatise  to  all  students  preparing  for  the  profession  of  dentistry,  as  well  as  to  every 
mechanical  dentist." — Dttolin  Journal  qf  Medical  Science. 

"The  best  book  on  the  subject  with  which  we  arc  acquainted." — Medical  Prest 
and  Circular, 

Brewing. 

A  HANDBOOK  FOR  YOUNG  BREWERS.  By  Herbert 
Edwards  Wright,  B.A.     Crown  8vo,  ^s.  6d.  cloth. 

"  A  thoroughly  scientific  treatise  in  popular  language.  It  is  evident  that  the 
author  has  mastered  his  subject  in  its  scientific  aspects." — Morning  Advertiser. 

"  We  would  particularly  recommend  teachers  of  the  art  to  place  it  in  every  pupil's 
hands,  and  we  feel  sure  its  perusal  will  be  attended  with  advantage." — Brewer. 

Gold  and  Gold-Working. 

THE  GOT^DSMITH'S  HANDBOOK  :  containing  full  instruc- 
tions for  the  Alloying  and  Working  of  Gold.  Including  the  Art  of 
Alloying,  Melting,  Reducing,  Colouring,  Collecting  and  Refining. 
The  processes  of  Manipulation,  Recovery  of  Waste,  Chemical  and 
Physical  Properties  of  Gold,  with  a  new  System  of  Mixing  its 
Alloys  ;  Solders,  Enamels,  and  other  useful  Rules  and  Recipes,  &c. 
By  George  E.  Gee,  Goldsmith  and  Silversmith.  Second  Edition, 
considerably  enlarg^ed.  i2mo,  3j.  6</.  cloth  boards. 
"A  good,  sound,    technical    educator,  and  will  be  generally   accepted  as  an 

authority.  It  gives  full  particulars  for  mixing  alloys  and  enamels,  is  essentiallya  book 

for  the  workshop,  and  exactly  fulfils  the  purpose  intended." — Horological  Journal. 
"  The  best  work  yet  printed  on  its  subject  for  a*  reasonable  price.     We  have  no 

doubt  that  it  will  speedily  become  a  standard  book  which  few  will  care  to  be  with- 

out." — Je^veller  and  Metalworker. 

"  We  consider  that  the  trade  owes  not  a  little  to  Mr.  Gee,  who  has  in  two  volumes 

compressed  almost  the  whole  of  its  literature,  and  we  doubt  not  that  many  a  young 

beginner  will  owe  a  part  of  his  future  success  to  a  diligent  study  ol  the  pages  which 

are  peculiarly  wrll  adapted  to  his  use." — Clerkenwellrress. 

*'  It  is  essentially  a  practical  manual,  intended  primarily  for  the  use  of  working 

jewellers,  but  is  well  adapted  to  the  wants  of  amateurs  and  apprentices,  containing, 

as  it  does,  trustworthy  information  ihat  only  a  practical  man  can  supply." — Engliih 

Mechanic. 

Silver,  and  Silver  Working. 

THE  SILVERSMITH'S  HANDBOOK,  containing  full  In- 
stmctions  for  the  Alloying  and  Working  of  Silver,  including  the 
different  modes  of  refining  and  melting  the  metal,  its  solders,  the 
preparation  of  imitation  alloys,  methods  of  manipulation,  preven- 
tion of  waste,  instructions  for  improving  and  finishing  the  surface 
of  the  work,  together  with  other  useful  iniorraaiion  and  memoranda. 
B^  George  E.  Gee,  Jeweller,  &c.     i2mo,  3J.  (>d.  cloth  boards. 

"  This  work  is  destined  to  take  up  as  good  a  position  in  technical  literature  as  the 
Practical  Goldworker^  a  book  which  has  passed  through  the  ordeal  of  critical  ex- 
amination and  business  tests  with  great  success." — Jeweller  and  Metalworker. 

"  The  chief  merit  of  the  work  is  its  practical  chaiaciet.    TVvtiNiQ\V.t-rs.vsv>^'tvc*&ft. 
will  speedily  discover  its  merits  when  they  sil  dowa  U>  ^LU'^^  VC  — EwtlUK  MecVaxivc. 
"This  work  forms  a  valuable  seque\  10  the  auxiiae*  Practical  CoU-usotIcct,^^ 
BuppUes  a  want  long  felt  in  the  $ilvcr  trade,**— sawrsinitK  s  Trade  'Joutt^ou 
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Electric  Lighting. 

ELECTRIC  LIGHT  :  Its  Prodacdon  and  Use,  embodyinfir  plain 

Directions  for  the  Working  of  Galvanic  Batteries,  Electric  Lam^ 

and  Dynamo-Electric  Machines.     By  J.  W.  Urquhart,  C.  E., 

Author  of  "Electroplating:  a  Practical  Handbook."     Edited  by 

F.    C.   Webb,    M.I.C.E.,   M.S.T.E.,     With    94  Illustrations. 

Crown  8vo,  7^.  dd,  cloth.  \y*^t  publiskttU 

**  It  is  the  only  work  at  present  available,  which  gives  in  lan^^uage  intelligible  for 

the  most  part  to  the  ordinary  reader,  a  general  but  concise  history  of  the  means 

which  have  been  adopted  up  to  the  present  time  in  producing  the  electric  light."— 

*'  An  important  addition  to  the  literature  of  the  electric  light.  Students  of  the 
subject  should  not  fail  to  read  it"— Coi^/ftrrv  Guaniian. 

"  As  a  popular  and  practical  treatise  on  the  subject,  the  volume  ma]f  be  thoroughly 
recommended." — Bristol  Mercury. 

Electroplatings  etc, 

ELECTROPLATING:   A  Practical  Handbook,   including  the 
Practice  of  Electrotyping.     By  T.  W.  Urquhart,  C.E.     With 
numerous  Illustrations.     Crown  ovo,  5j.  cloth. 
"The  volume  is  without  a  rival  in  its  particular  sphere,  and  the  ludd  style  in 
which  it  is  written  commends  it  to  those  amateurs  and  experimental  electrocypers 
who  have  but  slight,  if  any,  knowledge  of  the  processes  of  the  art  to  which  they  turn 
their  attention."— Z)rff]fn  and  Work. 
"  A  large  amount  of  th(HX>ughly  practical  information." — Telegraphic  JaurnaL 
*' An  excellent  practical  manuil.  ' — Engineering, 

"llie  information  given  appears  to  be  based  on  direct  personal  knowledge.  .  .  . 
Its  science  is  sound,  and  the  style  is  always  dear.'*— ^/4ri!ur<rM. 

"Any  ordinarily  intelligent  person  may  become  an  adept  in  electro-deposiuoa 
with  a  very  little  science  indeed,  and  this  is  the  book  to  show  him  or  her  the  way." 
—Builder. 

The  Military  Sciences. 

AIDE-MEMOIRE  to  the  MILITARY  SCIENCES.     Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.     Originally  edited  by  a  Committee  of  the  Corps  of 
Ro^al  Engineers.     Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions  ;  containing  nearly  350 
Engravings  and  many  hundred  Woodcuts.     3  vols,  royal  8vo^  eztia 
cloth  boards,  and  lettered,  4/.  lor. 
"A  compendious  encyclopaedia  of  military  }tXkQrm\tA^^'—-Edminrgk  Review, 
"  The  most  comprdiensive  work  of  reference  to  the  imUtary  and  collateral  sciences." 
— Volunteer  Service  GoMette, 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY  MINING,  and  RECON- 
NOITRING.  By  Colonel  L  S.  Macaulay,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
8vo,  doth,  with  separate  Atlas  of  12  Plates,  izr.  complete. 

?-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE- WARES :  their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophisticatioiis. 
For  the  Use  (^  DTets,  Printers,  Drysalters,  Brokers,  &c.  By  J. 
W.  Slater.    Poait  %^o,  n«.  W.  OicfCtu 

0iV  arapnwliGal aa wdl as -wlxwiXAC*— Cktumt  and DT«cswt« 
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The  Alkali  Trade — Sulphuric  Acid,  etc. 

A  MANUAL  OF  THE  ALKALI  TRADE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  John  Lomas,  Alkali  Manufacturer,  Newcastle-upon- 
Tyne  and  London.  With  232  Illustrations  and  Working  Draw- 
ings, and  containing  386  pages  of  text.  Super-royal  8vo, 
2/  1 2 J.  td,  cloth.  [Just published. 

This  work  provides  (i)  a  Complete  Handbook  for  intending  Alkali  and  Sulphuric 
Acid  Manujacturers^  and/or  those  already  in  the  field  who  desire  to  itnprozt*  their 
plants  or  to  become  practically  acquainted  with  the  latest  processes  and  developments 
o/the  trade  ;  (a)  a  Handy  Volume  which  Manufacturers  can  put  into  the  hands  qf 
their  Managers  and  Foremen  as  a  useful  guide  in  their  daily  rounds  of  duty. 

Synopsis  op  Contents. 


Chap.  I.  Choice  of  Site  and  General 
Plan  of  Work»-II.  Sulphuric  Acid— 
III.  Recovery  oi  the  Nitrogen  Com- 
pounds, and  Treatment  of  Small  Pyrites 
—IV.  The  Salt  Cake  Process- V.  Legis- 
lation upon  the.  Noxious  Vapours  Ques- 
tion— Vl.  The  Hargreaves'  and  Jones' 
Processes— VII.  The  Balling  Process— 
VIII.    Lixiviation  and   Salting  Down — 


IX.  Carbonating  or  Finishing — X.  Soda 
Crystals  — XI.  Refined  Alkali— XII. 
Caustic  Soda  — XIII.  Bi-carbonate  of 
Soda -XIV.  Bleaching  Powder— XV. 
Utilisation  of  Tank  Waste-XVI.  General 
Remarks — Four  Appendices,  treating  of 
Yields,  Sulphuric  Acid  Calculations,  Ane- 
mometers, and  Foreign  Legislation  upon 
the  Noxious  Vapours  Question. 


"  The  author  has  given  the  fullest,  most  practical,  and,  to  all  concerned  in  the 
alkali  trade,  most  valuable  mass  of  information  that,  to  our  knowledge,  has  been 
published  in  any  language." — Engineer. 

"  This  book  is  written  by  a  manufacturer  for  manufacturers.  The  working  details 
of  the  most  approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by 
no  less  than  233  wood  engravings,  all  of  which  may  be  used  for  the  purposes  of  con- 
struction. Every  step  in  the  manufacture  is  very  fully  described  in  this  manual,  and 
each  improvement  explained.  Everything  which  tends  to  introduce  economy  into 
the  technical  details  of  this  trade  receives  the  fullest  attention.  The  book  has  been 
produced  with  s^reat  completeness." — Atheneeum. 

'*The  author  is  not  one  of  those  clever  compilers  who,  on  short  notice,  wiU  'read 
up'  any  conceivable  subject,  but- a  practical  man  in  the  best  sense  of  the  word.  We 
find  here  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of 
the  trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing 
on  the  successful  conduct  of  alkali  works,  but  which  are  generally  overlooked  by 
even  the  most  experienced  technological  authors.  This  most  valuable  book,  which 
we  trust  will  be  generally  appreciated,  we  must  pronounce  a  credit  alike  to  its  author 
and  to  the  enterprising  nrm  who  have  undertaken  its  publication."— CA^/niVa/ 
Rex  iew. 

Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures, 
in  Trades,  and  in  the  Arts.  By  A.  Normandy,  Author  of  *•  Prac- 
tical Introduction  to  Rose*s  Chemistry,"  and  Editor  of  Rose's 
"Treatise  on  Chemical  Analysis."  New  Edition,  Enlarged,  and 
to  a  great  extent  re-written,  by  Henry  M.  Noad,  Ph.  D.,  F,R.S. 
With  numerous  lilustrations.  Cr.  8vo,  12s,  6d,  doth. 

"We  recommend  this  book  to  the  careful  perusal  of  every  one ;  it  may  be  truly 
aflSnned  to  be  of  universal  interest,  and  we  strongly  recommend  it  to  our  readers  as  a 
guide,  alike  indin>ensable  to  the  housewife  as  to  the  pharmaceutical  practitioner."— 
JftduMi  Times. 

"EBscBtial  to  (he  analysts  appointed  und«T  iVkeiMm  kcX.  tVtn  ^mmx  ^«»wdxx«»^ 
Mngireo,  and  the  work  u  wttt  tdiud  and  cax«(>]aii  ^irnuutaT— NaWT«. 
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Dr.  Lardner's  Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
DiONYSius  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Phi- 
losophy and  Astronomy  in  University  College,  London.  With  op- 
wards  of  1 200  Engraynngs  on  Wood-  In  6  Doable  Volumes. 
Price  £\  u.,  in  a  new  and  elegant  cloth  binding,  or  handsomely 
bound  in  half  morocco,  Six.  6^. 

OPINIONS    OF   THE    PRESS. 

"  This  series  besides  affording  popular  but  sound  instruction  on  scienti6c  subjects, 
with  which  the  humblest  man  in  the  country  ought  to  be  acquainted,  also  undertakes 
that  teaching  of  *  common  things '  which  every  well-wisher  of  his  kind  is  anxious  to 
promote.  Many  thousand  copies  of  this  serviceable  publication  have  been  printed, 
m  the  belief  and  hope  that  the  desire  for  instruction  and  improvement  widely  pre- 
vails ;  and  we  have  no  fear  that  such  enlightened  faith  will  meet  with  disappoint* 
menL" — Times. 

"A  cheap  and  interesting  publication,  alike  informing  and  attractive.  The  papo 
combine  subjects  of  importance  and  great  scientific  knowledge,  considerable  uiduc- 
tive  powers,  and  a  popular  style  of  treatment." — Spectator, 

"The  *  Museum  of  Science  and  Art'  is  the  most  valuable  contribution  that  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society.** — Sir  Daeoid 
Brtfvster  in  the  North  British  Review. 

"Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  hj 
people  of  so  many  ages  and  classes  as  a  valuable  \fftscDl,"— Examiner. 

*^*   Separate  books  formed  from  the  above,  suitable  for  Workmen* s 

Libraries,  Science  Classes,  &*c. 

COMMON  THINGS  EXPLAINED.  Containing  Air,  Earth,  Fire, 
Water,  Time,  Man,  the  Eye,  Locomotion,  Colour,  Clocks  and 
Watches,  &c.     233  Illustrations,  cloth  gilt,  $s, 

THE  MICROSCOPE.  Containing  Optical  Images,  Magnifying 
Glasses,  Origin  and  Description  of  the  Microscope,  Microscopic 
Objects,  the  Solar  Microscope,  Microscopic  Drawing  and  Engrav- 
ing, &c.     147  Illustrations,  cloth  gilt,  2x. 

POPULAR  GEOLOGY.  Containing  Earthquakes  and  Volcanoes, 
the  Crust  of  the  Earth,  etc    201  Illustrations,  cloth  gilt,  2s,  6d. 

POPULAR  PHYSICS.  Containing  Magnitude  and  Minuteness,  the 
Atmosphere,  Meteoric  Stones,  Popular  Fallacies,  Weather  Prog- 
nostics, the  Thermometer,  the  Barometer,  Sound,  &c  85  Illus- 
trations, cloth  gilt,  2s.  6il, 

STEAM  AND  ITS  USES.  Including  the  Steam  Engine,  the  Lo- 
comotive,  and  Steam  Navigation.     89  Illustrations,  cloth  gilt,  2J. 

POPULAR  ASTRONOMY.  ConUining  How  to  Observe  the 
Heavens.  The  Earth,  Sun,  Moon,  Planets.  Light,  Comets, 
Eclipses,  Astronomical  Influences,  &c.     182  Illustrations,  41.  6</. 

THE  BEE  AND  WHITE  ANTS :  Their  Manners  and  Habits. 
With  Illustrations  of  Animal  Instinct  and  Intelligence.  135  Illus- 
trations, cloth  gilt,  2x. 

THE  ELECTRIC  TELEGRAPH  POPULARISED.  To  render 
intelligible  to  a\Y  vj^io  taxv"^caA,\rc«»\«K.^v<^Q.^*rL"^  ^^revions  Scien- 
tific AcqaircmenU,  \ihe  'yaxYaus  fenx»  0I  l^^i^ga:^  \a.  Ksd^u&. 
Operation.     100  XttxttXtaVAow^  ^^^"^  i^^-*  "^^^  W* 
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£fr,  Lardner's  Handbooks  of  Natural  Philosophy. 

•«,*  Tfu  foU(nving  five  volumes,  though  each  is  Complete  in  itself^  and  to  be  ^tr- 
chased  s^arate/y,/orm  A  ComvlkteCovrse  or  Natural  Philosophy,  and  are 
intended  for  the  general  reader  who  desires  to  attain  accurate  knmvledge  of  the 
X'arious  dejktrtments  of  Physical  Science,  ivithout  pursuing  them  according  to  tho 
more  profound  methods  of  mathematical  investigation.  The  style  is  studiously 
^Pular.  It  hat  been  the  author's  aim  to  supply  Manuals  si4ch  as  are  required  by 
tlu  Student^  the  Engineer ^  the  Artisan ^  and  the  superior  classes  in  Schools. 

THE    HANDBOOK    OF    MECHANICS.     Enlarged  and   almost 
rewritten  by  Benjamin  Loewy,  F.R.A.S.     With  378  Illustra- 
tions.    Post  8vo,  dr.  cloth. 
" The  perspicuity  of  the  original  has   been    retained,     and  chapters  which  had 
become  obsolete,  nave  been   rcpLiced   by  others  of  more  modem  character.     Tbe 
explanations  throughout  are  studiously  popular,  and    care  has  been  taken  to  show 
the  application  of  the  various  branches  oi  physics  to  the    industrial  arts,  awd  to 
the  practical  business  of  life." — Mining  Journal, 

THE   HANDBOOK  of  HYDROSTATICS  and  PNEUMATICS. 
New  Edition,    Revised  and  Enlarged    by  Benjamin    Loewy, 
F.R.A.S.  With  236  Illustrations.  Post  8vo,  51.  cloth. 
"  For  those  '  who  desire  to  attain  an  accurate  knowledge  of  physical  science  with- 
out the  profound  methods  of  mathematical  investigation,  this  work  is  not  merely  in- 
tended, but  well  adapted." — Chemical  News, 

THE  HANDBOOK  OF  HEAT.  Edited  and  almost  entirely 
Rewritten  by  Benjamin  Loewy,  F.R.A.S.,  etc  117  Illustra- 
tions.    Post  8vo,  6j.  cloth. 

"  The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving 
any  cloudiness  or  lurking  doubts  behind."— i?M^fW#rr«^. 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  Olver  Harding,  B.  A.  298  Illustrations.  Post  8vo,  5j.  doth. 

"  Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately 
^\\\9Xx^XjtA.'*— Mechanics'  Magazine. 

THE    HANDBOOK    OF    ELECTRICITY,    MAGNETISM,  and 

ACOUSTICS.     New  Edition.     Edited  by  Geo.  Carey  Foster, 

B.  A.,  F.C.S.    With  400  Illustrations.    Post  8vo,  5j.  cloth. 

"  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve 

the  terse  and  lucid  style  of  Lardner.  while  correcting  his  errors  and  brin^g  up  hia 

work  to  the  present  state  of  scientific  knowledge." — Popular  Science  Review, 

Dr,  Lardner  s  Handbook  of  Astronomy. 

THE    HANDBOOK    OF    ASTRONOMY.     Forming  a  Com- 
panion to  the  **  Handbooks  of  Natural  Philosophy."     By  Diony- 
sius  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy 
and  Astronomy  in  University  College,  London.     Fourth  Edition. 
Revised  and  Edited  by  Edwin  Dun  kin,  F.R.S.,  Royal  Observa- 
tory, Greenwich.     ^Yith  38  Plates  and  upwards  of  100  Woodcuts. 
In  I  vol.,  small  8vo,  550  pages,  qj.  6//.,  cloth. 
"  Probably  no  other  book  contains  the  same  amount  of  information  in  so  com- 
pendious and  well-arranged  a  form — certainly  none  at  the  price  at  which  this  is 
offered  to  the  public." — Atheneeum. 

"  We  can  do  no  other  than  pronounce  this  work  a  most  valu.ible  manual  of  astro- 
nomy, and  we  strongly  recommend  it  to  all  who  wish  to  acquire  a  general — but  at 
the  same  ti  i  e  correct — acquaintance  with  this  sublime  science."-  Quarterly  Journeil 
0/  Science. 

Dr.  Lardner  s  Handbook  of  Animal  Physics. 

THE   HANDBOOK   OF     ANIMAL    PHYSICS.      By    Dr. 

L\RDNER.     With   520  Illustrations.    New  edition,   small    8vo, 

cloth,  732  pages,  is,  6d, 
We  hzre  no  hesitadon  in  cordiaUy  r«»mni«a^l\C— Eatucdiwwa  T\w»«x. 


It 


i 


26  WORKS  IN  SCIENCE  AND  ART,  ETC., 

Dr.  Lardner's  School  Handbooks. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardnwu 

328  Illustrations.     Sixth  Edition,     i  voL  31.  Sd,  doth. 
"  Conveys,  in  dear  and  precise  terms,  general  nodoni  of  all  the  principal  divitiaot 
of  Physical  Science." — Bntish  Quarterly  Rtvirw. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.  By  Dr.  Labdner. 

With  i^  Illustrations.     Second  Edition,     i  yoL  3^.  6^.  doth. 
"  Qearly  wntten,well  arranged,  and  excellently  illustrated.**— ^?a»«fini#ry'dnNuei>. 

Dr.  Lardner's  Electric  Telegraph. 

THE   ELECTRIC  TELEGRAPH.     By  Dr.  Lardnkr.    N«w 
Edition.     Revised  and  Re- written,  by  E.  B.  Bright,  F.R.A.S. 
140  Illustrations.    Small  8vo,  2s,  dd.  doth. 
*'  One  of  the  most  readable  books  extant  on  the  Electric  Tdegraph.*— £11^.  Mtckamc. 

Electricity. 

A  MANUAL  of  ELECTRICITY ;  induding  Galvanism,  Mag- 
netism,  Diairiagnetism,  Electro-Dynamics,  Magneto- Electridty,  and 
the  Electric  Telegraph.  Bv  Henry  M.  Noad,  Ph.D.,  F.C.S. 
Fourth  Edition,  with  500  Woodcuts.  8vo,  i/.  41.  doth. 
"  The  accounts  given  of  electricity  and  galvanism  are  not  only  complete  in  a  ^CTtific 
sense,  but,  which  is  a  rarer  thing,  are  popular  and  interesting.  —Xoikv/. 

Text-Book  of  Electricity. 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D.,  F.R.S.,  F.C.S.  New  Edition,  care- 
fully Revised.  With  an  Introduction  and  Additional  Chapters 
by  W.  H.  Preece,  M.LC.E.,  Vice-President  of  the  Society  of 
Telegraph  Engineers,  &c  With  470  Illustrations.  Crown  8vo, 
I2J.  dd.  cloth.  \Just publishtd, 

"A  reflex  of  the  existing  state  of  Electrical  Science  adapted  for  students.**— 
W.  H.  Preece,  Esq.,  vide '*  Introduction," 

*'  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a 
good  index,  and  a  plethora  of  woodcuts.  Such  collections  as  the  present  are  indis- 
pensable. " — A  then  i  urn. 

"  An  admirable  text-book  for  every  student— beginner  or  advanced— of  electricity." 
"Engineering. 

"  A  most  elaborate  compilation  of  the  facts  of  electricity  and  magnetism." — Pofular 
Science  Kevirtv. 

"  May  be  recommended  to  students  as  one  of  the  best  text-books  on  the  subject 
that  they  can  have.  .  .  .  Mr.  Preece  anpears  to  have  introduced  all  the  newest 
inventions  in  the  &hape  of  telegraphic,  telephonic,  and  electric-lighting  apparatus."— 
English  Mechanic. 

"  The  work  contains  everything  that  the  student  can  require,  it  is  well  illustrated, 
clearly  written,  and  possesses  a  good  index." — Academy, 

"  One  of  the  best  and  moiSt  useful  compendiums  of  any  branch  of  science  in  our 
literature." — Iron. 

"  Under  the  editorial  hand  of  Mr.  Preece  the  late  Dr.  Noad's  text  book  of  elec- 
tricity has  grown  into  an  admirable  handbook." — Weilminster  Review, 

Geology  and  Genesis, 

THE  TWIN  RECORDS  OF  CREATION  ;  or,  Geology  and 
Genesis,  their  Perfect  Harmony  and  Wonderful  Concord^  By 
George  W.  Victor  le  Vaux.  Numerous  Illustrations.  Fcap.  8vo, 
5x.  cloth. 

"  A  valuable  contribution  to  tVve  evvietvc«iQll  T«^^\3Ljtsa.  >A.d  disposes  very  condu- 
siv«Iy  of  the  argiuments  of  tYMsse  "wYvo  ytomXA.  i«x  Qi:>!ec*  "^ocVs  «^vTax^<a&^H(<»!(L 
No  ml  difficulty  is  shiikcd,  auddno  %'i^\vaXx^  \i\ftSi>acaKx.v«»^'*  — Tlu  R«tV 
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Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT ;  being  a  Series  of  Essays  on— i. 
Alleged  Discrepancies;  2.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth ;  3.  The  Mosaic  Cosmogony ;  4.  Miracles  in 
general — Views  of  Hume  and  Powell ;  5.  The  Miracle  of  Joshua — 
Views  of  Dr.  Colenso :  The  Supematurally  Impossible ;  6.  The 
Age  of  the  Fixed  Stars,  &c.    By  Prof.  J.  R.  Young.    Fcap.  5J.  cL 

Geology. 

A  CLASS-BOOK  OF  GEOLOGY-  Consisting  of  "Physical 
Geology,"  which  sets  forth  the  Leading  Principles  of  the  Science  ; 
and  "Historical  Geology,"  which  treats  of  the  Mineral  and  Organic 
Conditions  of  the  Earth  at  each  successive  epoch,  especial  reference 
being  made  to  the  British  Series  of  Rocks.  By  Ralph  Tate. 
With  more  than  250  Illustrations.     Fcap.  8vo,  5j.  cloth. 

Practical  Philosophy. 

A  SYNOPSIS  OF  PRACTICAL  PHILOSOPHY.  By  Rev. 
John  Carr,  M.A.,  late  Fellow  of  Trin.  Coll.,  Camb.    i8mo,  51.  d. 

Mollusca. 

A  MANUAL  OF  THE  MOLLUSCA  ;  being  a  Treatise  on 
Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.LS. 
With  Appendix  by  Ralph  Tate,  A.LS.,F.G.S.  With  numer- 
ous  Plates  and  300  Woodcuts.     3rd  Edition.  Cr.  8vo,  1$,  6d,  cloth. 

Clocks,  Watches y  and  Bells. 

RUDIMENTARY  TREATISE  on  CLOCKS,  and  WATCHES, 
and   BELLS.      By  Sir  Edmund  Beckett,  Bart,  (late  E.  B. 
Denison),  LL.D.,  Q.C.,  F.R.A.S.     Sixth  edition,  revised  and  en- 
laired.  Limp  cloth  (No.  67,  Weale's  Series),  4r.  6</.;  cloth  bds.  5^.  (id, 
"  As  a  popular  and  practical  treatise  it  is  unapproached.'* — Englith  Mechanic, 
"The  Dest  work  on  the  subject   probably  extant.    The  treatise  on  bells  is  un- 
doubtedly the  best  in  the  language.  ** — Engineering. 
"The  only  modem  treatise  on  ^Qf^-xMi!itxix%.'* —^orological  JonrnaU 

Grammar  of  Colouring. 

A    GRAMMAR    OF    COLOURING,    appUed    to   Decorative 
Painting  and  the  Arts.     By  George  Field.     New  edition,  en- 
Isurged.     By  Ellis  A.  Davidson.    With  new  Coloured  Diagrams 
and  En^vings.     i2mo,  3J.  (yd.  cloth. 
•'  The  book  is  a  most  useful  risumf  of  the  properties  of  pigments." — Builder, 

Pictures  and  Paiftters. 

THE  PICTURE  AMATEUR'S  HANDBOOK  AND  DIC- 
TIONARY OF  PAINTERS  :  A  Guide  for  Visitors  to  Picture 
Galleries,  and  for  Art-Students,  including  methods  of  Painting, 
Cleaning,  Re-Lining,  and  Restoring,  Principal  Schools  of  Painting, 
Copyists  and  Imitators.  BypHiLiPPEDARyL,B.A.  Cr.8vo,3J.6</.cl. 

Woods  and  Marbles  {Imitation  of). 

SCHOOL  OF   PAINTING   FOR  THE    IMITATION    OF 
WOODS  AND  MARBLES,  as  Taught  and  Practised  by  A.  R. 
and  P.  Van  der  Burg,  Directors  of  the  Rotterdam  Painting 
Institution.     Illustrated  witli  24  fu\I-s\i<t  C^Vw^^  ^Nsa\3^\  -iie*:* 
ijrPioiiiPiateSy  comprising  154 Y'\fraTe&.   "^o\tfi^aL\ia.^«^aR8«»^- 
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Delamo tie's  Works  on  Illumination  &  Alphabets. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION ;  for  the 
use  of  Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  D£LA- 
MOTTE.     Small  4to,  qj.    Elegantly  bound,  cloth  antique. 

"  The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much 
eood  sense,  the  author  chooses  from  collections  accessible  to  all,  are  selected  witb 
judgment  and  knowledge,  as  well  as  taste." — Athttutum, 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIAEVAL ; 

from  the   Eighth   Century,   with  Numerals  ;   including  Gothic, 

Church-Text,  German,  Italian,  Arabesque,  Initials,  Monc^rams, 

Crosses,  &c.     Collected  and  engraved  by  F.  Delahottk,  and 

printed  in  Colours.     New  and  Cheaper  Edition.      Royal  8vo, 

oblong,  Zf.  (xi,  ornamental  boards. 

"  For  those  who  insert  enamelled  sentences  round  g^ded  chalices,  who  blaxcmshop 
legends  over  shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the 
Decalogue,  this  book  will  be  iisefuL"— -/f  MriMrvm. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL ;  including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque,  &c,  &c.  Collected  and 
engraved  by  F,  Delamotte,  and  printed  in  Colours.  New  and 
Cheaper  Edition.     Royal  8vo,  oblong,  2j.  6d,  ornamental  boards. 

"  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet 
and  numerals  am  be  formed." — Standard, 

MEDIAEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS.  By  F.  Delamotte.  Containing  21  Plates,  and 
Illuminated  Title,  printed  in  Gold  and  Colours.  With  an  Intro- 
duction by  J.  Willis  Brooks.    Small  4to,  6x.  cloth  gilt. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.    Oblong  royal  8vo,  i  j.  (xi,  in  ornamental  boards. 

Wood-  Carving, 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A  Ladv.  In  emblematic  wrapper,  hand- 
somely printed,  with  Ten  large  Plates,  2J.  dd, 

**  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  Icomt 
from  *  A  Lady's '  publication."— /I /A/'«<r«»f. 

Popular  Work  on  Painting, 

PAINTING    POPULARLY   EXPLAINED;    with    Historical 
Sketches  of  the  Progress  of  the  Art    By  Thomas  John  Gullick, 
Painter,  and  John  Timbs,  P\S.A.     Fourth  Edition,  revised  and 
enlarged.    With  Frontispiece  and  Vignette.    In  small  8vo,  6j.  doth. 
%•  Tfiis  Work  has  been  adopted  as  a  Priut-book  in  the  Schools  of 
Art  at  South  Kensington^ 
"  Contains  a  large  amount  ot  orvcovaX  xnaL^.Vn«^^««i^^^  ^:!VK4«?!«1.*' — Buiider, 
'*  MucJ^  may  b«  learned,  cvenVl  titio**  "wVvo  iaaK?}  ^'e}  ^<iTiKA.T«5ii\s^\3c»\jt\3»s«?g!!8^ 
irom  the  caiefulperusaXof  uBa\mpte\fcn(^vti^\i>xxc««avv&«a«i^^ 
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AGRICULTURE,  GARDENING,  ETC. 
Youatl  and  Burtis  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry. 
By  William  Youatt,  Esq.,  V.S.  12th  Edition,  very  con- 
sidci-ably  enlarged,  and  brought  up  to  the  present  requirements  of 
agricultural  practice.     By  Robert  Scott  j3urn.     One  large  8yo. 

volume,  860  pp.  Tn-ith  244  Illustrations,   i/.  u.  half-bound. 
**  The  standard  and  text-book,  with  the  fanner  and  grarier.*'~/arm/r'*  Magazine. 
"A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  Bhti&h 
agriculture  endures." — Mark  Lant  Express. 

History y  Strticturey  and  Diseases  of  Sheep. 

SHEEP  ;  THE  HISTORY,  STRUCTURE,  ECONOMY, 
AND  DISEASES  OF.  By  W.  C.  Spooner,  M.R.V.C,  &c. 
Fourth  Edition,  with  fine  engravings,  including  specimens  of  New 
and  Improved  Breeds.     366  pp.,  4r.  cloth. 

Production  of  Meat. 

MEAT  PRODUCTION.  A  Manual  for  Producers,  Distributors, 
and  Consumers  of  Butchers'  Meat.  Being  a  treatise  on  means  of 
increasing  its  Home  Production.  Also  comprehensively  treating 
of  the  Breeding,  Rearing,  Fattening,  and  Slaughtering  of  Meat- 
yielding  Live  Stock  ;  Indications  of  the  Quality  ;  Means  for  Pre- 
serving, Curing,  and  Cooking  of  the  Meat,  etc.  By  John  Ewart, 
Numerous  Illustrations.  Cr.  8vo,  ^s.  cloth. 
"  A  compact  and  handy  volume  on  the  meat  question,  which  deserves  serious  and 
thoughtful  consideration  at  the  present  time." — Meat  and  Provision  TratUs*  Review. 

Donaldso7t  and  Btirns  Suburban  Farming. 

SUBURBAN  FARMING.  A  Treatise  on  the  Laying  Out  and 
Cultivation  of  Farms  adapted  to  the  produce  of  Milk,  Butter  and 
Cheese,  Eggs,  Poultry,  and  Pigs.  By  the  late  Professor  John 
Donaldson.  With  considerable  Additions,  Illustrating  the  more 
Modem  Practice,  by  R.  Scott  Burn.  With  Illustrations.  Crown 
8vo,  6s.  cloth. 

Modern  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops — Farming  and  Farming  Economy — 
Cattle,  Sheep,  and  Horses — Management  of  the  Dairy,  Pigs,  and 
Poultry— Utilisation  of  Town  Sewage,  Irrigation,  &c.  New  Edition. 
In  I  vol.  1250  pp.,  half-bound,  profiisel]^  illustrated,  lis, 
"  There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a  fanner 
from  going  far  wrong  in  any  of  his  operations."— C?^*rrr/r. 

Amateur  Farming. 

THE  LESSONS  of  MY  FARM  :  a  Book  for  Amateur  Agricul- 
turists, being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  the  Feeding  of  Cattle,  Management  of  the  Dair^  ^^>a!&x^^ 
V\g&,  Sec  By  R.  ScoTT  Burn.  Witii  Tv»xa!wo\»'^>a&,  ISc^,^.^. 

"A  complete  iadxxluctioii  to  the  whole  tound  ^  iaxxt^l  ^tw:Ak^— j***"^  ^>fcu- 
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The  Management  of  Estates. 

LANDED  ESTATES  MANAGEMENT:  Treating  of  the 
Varieties  of  Lands,  Peculiarities  of  its  Farms,  Methods  of  Fanningi 
the  Setting-out  of  Farms  and  their  Fields,  Construction  of  Roads, 
Fences,  Gates,  and  Farm  Buildings,  of  Waste  or  Unprodacti?e 
Lands,  Irrigation,  Drainage,  Plantation,  &c.  By  R.  Scott  Burn. 
Numerous  Illustrations.     .Second  Edition.     i2mo,  5/.  cloth. 

"  A  complete  and  comprdiensive  outline  of  the  duties  ai^ieitainin^  to  the  manage* 
meat  of  landed  estates.' ' — Jout  nal  of  Forestry. 

**  A  very  useful  vade-mecum  to  such  as  have  the  care  of  \xdA,**— Globe, 

Tfie  Management  of  Farms. 

OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organiia- 
tion  of  Farm  Labour.  Treating  of  the  General  Work  of  the  Farm, 
Field,  and  Live  Stock,  Details  of  Contract  Work,  Specialties  of 
Labour,  Economical  Management  of  the  Farmhouse  and  Cottage, 
and  their  Domestic  Animals.  By  Robert  Scoit  Burn,  Author 
of  **  Outlines  of  Modem  Farming,"  &c  With  numerous  Illustra- 
tions, i2mo,  3 J.  cloth  boards.  \Jmt  publisfud. 

Management  of  Estates  and  Farms. 

LANDED  ESTATES  AND  FARM  MANAGEMENT.  By 
R.  Scott  Burn,  Author  of  "Outlines  of  Modem  Farming," 
Editor  of  "The  Complete  Grazier,"  &c.  With  Illustrations. 
Consisting  of  the  above  Two  Works  in  One  vol.,  dr.  half-bound. 

\Just  published. 

Kitchen  Gardening. 

KITCHEN  GARDENING  MADE  EASY.  Showing  how  to 
prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every 
known  Vegetable  and  Herb,  i^nth  cultural  directions  for  the 
management  of  them  all  the  year  round.  By  GsoRGE  M.  F. 
Glenny.  With  Illustrations,  i2mo,  2s.  cloth  boards. 
"  As  a  guide  to  hardy  kitchen  gardening,  this  book  will  be  found  trustworthy  and 
useful."— -NVrM  British  Agriculturist. 

Culture  of  Fruit  Trees. 

FRUIT  TREES,  the  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  Breuil,  revised  by  Geo.  Glenny.  187  Cuts. 
i2mo,  4 J.  cloth. 

Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING;  or,  How  to 
Grow  Vegetables,  Fruits,  and  Flowers.  Wiih  Practical  Notes  on 
Soils,  Manures,  Seeds,  Planting,  Laying-out  of  Gardens  and 
Grounds,  &c.  By  S.  Wood.  Third  Edition,  with  considerable 
Additions,  &c,  and  numerous  Illustrations.  Cr.  8vo,  y.  cloth. 
"  A  very  eood  book,  and  one  to  be  highly  reconunended  as  a  practical  guide. 
The  practical  directions  are  exccWenV—Athenttum. 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or.  How  to  make  One 
Acre  of  Land  produce  ;f  620  a  year,  by  the  Cultivation  of  Fruits 
and  Vegetables  ;  also,  How  to  Grow  Flowers  in  Three  Glass 
Houses,  so  as  to  lealvse  tXi^  "^^^  MCEcam  clear  Profit.  By  Sam  ubl 
Wood  .    3Td  Ejdvv.\oB»  tcnXsc^.    Ct .  %N<a,  xs .  o^rsOcv^ 

•«  Wc  are  bound  to  tecoinmt»d\t  **  ^J^^^'^^.^j^^^Jftjf^^S^ 
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Bulb  Culture, 

THE  BULB  GARDEN,  or,  How  to  Cultivate  Bulbous  and 
Tuberous- rooted  Flowering  Plants  to  Perfection.  A  Manual 
adapted  for  both  the  Professional  and  Amateur  Gardener.  Bv 
Samuel  Wood,  Author  of  "Good  Gardening,"  etc.  With 
Coloured  Illustrations  and  Wood  Engravings.  Cr.  8vo,  3^.  dd.  cloth. 
"  The  book  contains  practical  suggestions  as  to  the  arrangement  of  the  flowers,  and 
the  growth  of  flower-roots  for  the  trade^as  well  as  for  amusement" — Saturday  Review. 

Tree  Planting. 

THE  TREE  PLANTER  AND  PLANT  PROPAGATOR: 
Being  a  Practical  Manual  on  the  Propagation  of  Poorest  Trees, 
Fruit  Trees,  Flowering  Shrubs,  Flowering  Plants,  Pot  Herbs,  &c. 
Numerous  Illustrations.    By  Samuel  Wood.    i2mo,  2s.  6d.  cloth. 

Tree  Pruning. 

THE  TREE  PRUNER:  Being  a  Practical  Manual  on  the 
Pruning  of  Fruit  Trees.  Including  also  their  Training  and  Renova- 
tion, with  the  best  Method  of  bringing  Old  and  Worn-out  Trees 
into  a  Tstate  of  Bearing ;  also  treating  of  the  Pruning  of  Shrubs, 
Climbers,  and  Flowering  Plants.  W'ith  numerous  Illustrations. 
By  Samuel  Wood.     i2mo,  2s,  6d.  cloth.  \Just published. 

Tree  Planting,  Pruning^  &  Plant  Propagation. 

THE  TREE  PLANTER,  PROPAGATOR,  AND  PRUNER. 
By  Samuel  Wood,  Author  of  **  Good  Gardening,"  &c.  Consisting 
01  the  above  Two  Works  in  One  Vol.,  5j.  half-bound. 

Potato  Culture. 

POTATOES,  HOW  TO  GROW  AND  SHOW  THEM.  A 
Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the 
Potato.     By  James  Pink.     With  Illustrations.     Cr.  8vo,  2j.  cl. 

"  A  well  written  little  volume.    The  author  gives  good  practical  instructions 
under  both  divi&isns  of  his  subject.'* — Agricultural  GaMtltf, 

Hudson  s  Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASSISTANT :  being  Tablet, 
on  a  very  much  improved  Plan,  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial 
Customary  Acres  to  Statute  Measure,  &c  By  R.  Hudson,  C.  £. 
New  Edition,  royal  32010,  leather,  gUt  edges,  elastic  band,  41. 

Ewart's  Land  Improver's  Pocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FOR- 
MULAE, TABLES,  and  MEMORANDA,  required  in  any  Com- 
putation relating  to  the  Permanent  Improvement  of  Landed  Pro- 
perty. By  John  Ewart,  Land  Surveyor  and  Agricultural  Engineer. 
Royal  32mo,  oblong,  leather,  gilt  edges,  with  elastic  band,  41. 

Complete  Agricultural  Surveyor's  Pocket  Book. 

THE  lAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE POCKET-BOOK ;  consisting  of  the  above  two  works 
bound  together,  leather,  gilt  edges,  with  strap,  yj.  dd. 
"  We  consider  Hudson's  book  to  be  the  best  ready-reckoner  on  mattefs  relating  to 
the  valuation  of  land  and  crops  we  have  ever  Men.  «cad\X&c:orE^^vcka:Qtssiv  ^«fc^\kx. 
Ewart's  work  greatly  enhances  the  value  and  u&dEuAnjen  c&  ^<b\aLVu»-^fiMQiQt!Qio«&>  . 
It  i§  most  useful  as  a  manual  for  refotnce.**— ^NortJ^  V  En^Umd  Farmer. 
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**  A    Complete  Epitome  of  the  Laws  of  this 
Country  y 

EVERY  MAN'S  OWN  LAWYER;  a  Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  By  A  Barrister.  New  Edition, 
much  enlarged.  With  Notes  and  References  to  the  Authorities. 
Crown  8vo,  cloth,  price  6j.  %d,  (saved  at  every  consultation). 

COMPRISING  THE   RIGHTS  AND   WRONGS   OF   INDIVIDUALS, 
MERCANTILE   AND  COMMERCIAL   LAW,  CRIMINAL  LAW,  PARISH  LAW, 
COUNTY  COURT   LAW,    GAME  AND   FISHERY   LAWS,    POOR   MEN's 

LAW,    THE  LAWS  OK 


Bankruptcy— Bills  of  Exchange — 
Contracts   and    Acrsbments — Conr- 

RIGHT— DOWRR      AND      DlVORCS — ElSC- 
TIONS    AND    RkGISTRATION — INSURANCE 

— Libel  and  Slander — Mortgages- 


Settlements-  Stock  ExcH  AMGE  Prac- 
tice—Trade Marks  and  Patents- 
Trespass,  Nuisances,  etc — ^Txansfek 
OF  Land,  etc. —Warranty— Wills 
and  Agreements,  etc 

Also  Law  for  Landlord  and  Tenant —  !  — Friendly  Societies — Qergymen,  Churdt- 
Master  and  Servant- Workmen  and  Ap-  '  wardens — Medical  Practiuooers,  &c  — 
prentices— Heirs,  Devisees,  and  Lega-  '  Bankers — Farmers  —  Cootractors — Stodc 
tees  —  Husband   and  Wife  —  Executors  ^  and  Share  Brokers — Sportsmen  uid  Game- 


keepers — Farriers  and  Horse-Dealer»— 
Auctioneers,  Hmise-Azents— Inakeepcri, 
&c. —  Pawnbrokers  — Surveyors  —  Rail- 
ways and  Carriers,  &&,  &c. 


and   Trustees  —  Guardian  and  Ward  — 

Married  Women   and    Infants — Partners 

and    A{;ents  —  Lender  and   Borrower  — 

Debtor    and    Creditor  —  Purchaser  and 

Vendor  —  Companies   and    Associations 

*•  No  Englbhman  ought  to  be  without  this  book." — Engineer, 

"  What  it  professes  to  be — z.  complete  epitome  of  the  laws  of  this  country,  thoroughly 

intelligiUe  to  non-professional  readers.  I'he  book  is  a  handy  one  to  have  in  readiness 

when  some  knotty  point  requires  ready  solution.** — Belts  Life. 
"  A  concise,  cheap,  and  complete  epitome  of  the  English  law,  so  plainly  written 

that  he  who  runs  may  read,  and  he  who  reads  may  understand." — Figaro, 
"  A  useful  and  concise  epitome  of  the  law." — Law  Magazine, 
••  Full  of  information,  fitly  expressed  without  the  aid  of  technical  expressions,  and 

to  the  general  public  will,  we  doubt  not,  prove  of  considerable  yrortXi."— Economist. 

Atictioneer' s  Assistant, 

THE     APPRAISER,   AUCTIONEER,   BROKER,    HOUSE 
AND   ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,   Annuities,  and  Reversions,  and  of  property  generally; 
with  Prices  for  Inventories,  &c.  By  John  Wheeler,  Valuer,  &c. 
Fourth  Edition,  enlarged,  by  C.  Norris.     Royal  32mo,  cloth,  5^. 
*'  A  ne.it  and  concise  book  of  reference,-  containing  an  admirable  and   clearly- 
arranged  list  of  prices  for  inN'entories,  and  a  very  practical  gxiide  to  determine  the 
value  of  furniture,  Sec"— 'Standard. 

A  ndioncerin^. 

AUCTIONEERS  :  THEIR  DUTIES  AND  LIABILITIES. 
By  Robert  Squibbs,  Auctioneer.     Demy  8vo,  lox.  6<f.  cloth. 

Ho7ise  Property. 

HANDBOOK  OF  HOUSE  PROPERTY  :  a  Popular  and  Prac- 
tical Guide  to-  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory 
Sale  of  Houses  and  Land  ;  including  the  Law  of  Dilapidations  and 
Fixtures ;  with  Explanations  and  Examples  qf  all  kinds  of  Valua- 
tions, and  useful  Information  and  Advice  on  Building.  By  E.  L. 
Tarbuck,  ArchVlecl  ai\d  SMiTv^^jor,  2nd  Edition.  i2mo,  y.  6d.  d. 

•We  ire  glad  to  be  abVc  to  TecoxanvexkA-W.."— Builder. 

••  The  ad^e  U  tborouRhl7  vmokaX.**— Law  ^<mynaU 
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V.M  iwaidiMl  Id  the  Publiihet)  for 

BoDki :  Budimentary,  Sciantifie, 
"WEALE'S  SERIES,"  ETC. 


A   NEW   LIST   OF 

WEALE'S    SERIES 

RUDIMENTARY  SCIENTIFIC,  EDUCATIONAL, 
AND  CLASSICAL. 


Cemfniikr  narlf  Tiivf  ff^JrtJ  «nJ  F,//y  Jutme/ 

lla  ttaiici  ef  EiH'ttrt. 

^/rieneg  L  iasies,  irv,,  ir<. 

IS-  "  WEALE'S  SERIES  includes  Text-Books  0 

alraO!t  every  braneliof 

ry,  comprising  such  subji 
Bnd  Hi.iltJinR,  Civil  Kneincsring,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering.  Physical  and  Chemical  Science,  and  maay  miicellaneoui 
Treatisea.    The  whole  are  constantly  undergoing  i      '  '  ' "'''  — 


issued.    The  prices  a 
"  Amongst  the  lilei 


scientific  research,  are  constantly 
:h  they  are  sold  are  as  low  aa  their  excellence  is 
iry  Gaiitlt. 

of  technical  education.  Wbale's  SbsibS  bas  erer 
^  . .  ...  .  uid  the  additions  being  made  by  Messrs.  Crosby 

1.0CKWOOD  it  CO.  render  the  series  even  more  complete,  aad  bring  the  infor- 
mation upon  the   Bereral  subjects  down   to  the  present  time." — Miiti»s 

"  It  is  impossible  to  do  otherwise  than  bear  lestimony  to  the  value  o( 
WBAL,B'$  Sehibs."— Ei^ii«r. 

"Everybody — even  that  outrageous  nuisance  'Every  Schoolboy' — knows 
the  merits  of  'WbaLR's  RtiDiHENTARV  SBRiBS.'  Any  persons  wishing  to 
acquire  knowledge  cannot  do  better  than  look  through  Weale's  Series  and 
get  all  Che  books  they  requiro.  The  Series  is  Indeed  an  inexhaustible  mine 
of  literary  wealth."— rftt  MetropoHtan. 

"  WEALE'S  SERIES  has  become  a  standard  as  well  as  an  unrivalled 
collection  of  treatises  in  all  branches  of  art  and  science."— Puilu  Opinioit. 


LONDON,  1862. 

»-\the  prize  medal 

Wbi  awarded  to  the  PubliiliFn 

"WEALFS  SERIES." 


^CROSBY    LOCWWOOti    ?b   C^. 

?,  STATIOKERS'   HALL  COURT,  l.UDGXTt  UWA.,  \»"»WS«, 


WEALE  S  RUDIMENTARY   SERIES. 


WEALE'S  BTTDIHENTAKT  8CIEHTIETC  SERIES. 


*«*  The  volames  of  tbis  Series  are  fre^  Illastrated  with 
Woodcuts,  or  otherwise,  where  requisite.  Throngfaont  the  fbl* 
lowing^  List  it  must  be  understood  that  the  books  are  bonnd  ia 
limp  cloth,  unless  otherwise  stated;  iui  the  volumet  marM 
with  a  %  may  also  be  had  tirongiy  bound  in  cMk  boards  for  6d. 
extra* 

NM. — In  ^ordering  from  ikis  List  it  it  reeomntended,  as  a 
means  of  fticititating  bttsiness  and  obviating  errvr^  io  fvote  the 
numbers  affixed  to  the  voUnmes,  as  well  as  the  titles  and  prices. 


No.      ARCHITECTURE,  BUILDING,  ETC. 

i6.  ARCHITECTURE— ORDERS— Tht  Orders  and  Iheir  .Esthetic 
Principles.    By  W.  H.  Leeds.    Illnstrated.    is.  6d. 

17.  ARCHITECTURE— STYLES— Thfi  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  mnq  che  Earliest  to  the 
Present  Period.    By  T.  Talbot  Bury,  F.R.I.B.A.,  ftc    Illastrated.    as. 
%*  Orders  and  Styles  op  Arcbitecturb,  in  One  yol.,  jx.  6d. 

18.  ARCHITECTURE— DESIGN— The  Principles    of  Design   in 

Architecture,  as  deducible  from  Nature  and  exemplined  in  the  Works  of  the 
Greek  and  Gothic  Architects.  By  £.L.Garbett,  Architect.  lUostrated.  ss.6d. 

%*  The  three  ^recedinr  Works,  in  One  handsome  VoL,  heUf  bonnd,    entiiled 

''  Modern  Architecture,"  ^'ce  6s, 

aa.  THE  ART  OF  BUILDING^  Rudiments  of.  General  Principles 
of  Construction,  Materials  used  in  Buildin^^  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.     By  £.  Dobson,  ss.t 

ty  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac 
ture  of;  containing  an  Outline  of  the  Principles  of  Brickmakiog.  By  Edw. 
Dobson,  M.R.I.B.A.  With  Additions  by  C  Tomunson,  F.R.S.  Illustrated,  y&A 

as.  MASONRY  AND  STONECUTTING,  Rudimentary  Treatise 
on  ;  in  which  the  Principles  of  Masonic  Projection  and  their  apptlication  to 
the  Construction  of  Curved  Wing- Walls,  Domes,  Oblioue  Bridges,  and 
Roman  and  Gothic  Vaulting,  are  concisely  explained.  By  Edward  Dobso!(, 
M.R.I.B.A.,  &c.    Illustrated  with  Plates  and  Diagrams,    ss.  6d.t 

44.  FOUNDATIONS  AND  CONCRETE  ^^O^AT^,  a  Rudimentary 

Treatise  on ;  containing  a  Synopsis  of  the  principal  cases  of  Foundation 
Works,  with  the  usual  Modes  of  Treatment,  and  Practical  Remarks  on 
Footings,  Plankinj^,  Sand,  Concrete,  B^ton,  Pile-driving,  Caissons,  and 
CofFerdams.  By  E.  Dobson,  M.R.I.B.A.,  &c.  Fourth  E^tion,  revised  by 
Georgk  Dodd,  C.E.    Illustrated,    zs.  6d. 

42.  COTTAGE  BUILDING,     By  C.    BRUCE   Allen,  Architect 

Ninth  Edition,  revised  and  enlarged.    Numerous  Illustrations,    is.  6d. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  8tc.    By  G.  R.  Bdrnbll,  C.E.    Eleventh  Edition,     is.  6d. 

57.  WARMING  AND  VENTILATION,  a  Rudimentary  Treatise 
on ;  bcine  a  concise  Exposition  of  the  General  Principles  of  the  Art  of  Warm* 
ing  and  ventilating  I)omcstic  and  Public  Buildings,  Mines,  Lighthouses, 
Ships,  &c.    By  Charles  Tomlinson,  F.R.S.,  &c.    Illustrated.    3s. 

83««.  CONSTRUCTION  OF  DOOR  LOCKS.  Compiled  from  the 
Papers  of  A.  C.  Hobbs^  Esq.,  of  New  York,  and  Edited  by  Charles  Tom- 
linson, F.R.S.  To  which  is  added,  a  Description  of  Fenby's  Patent  Locks, 
and  a  Note  upon  Iron  Safes  by  Robert  Mallet,  M.I.C.S.    IUus.    ss.  6d. 

III.  ARCHES,  PIERS,  BUT7RESSES,  &*c,:  Experimental  Essays 
on  the  Principles  of  Construction  in ;  made  with  a  view  to  their  being  useful 
to  the  Practical  Builder.    By  William  Bland.    Illustrated,    zs.  6d. 

The  X  indicates  thai  these  xwis,  may  be  had  strongly  bound  at  6d.  extra. 


wsale's  rudimentary  series. 


Architecture,  Building,  etc.,  cantinued, 

Ii6.  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS;  or,  The 
Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architect  and 
Builder.    By  T.  Roger  Smith,  M.K.I.B.A.,  Architect.    Illustrated,    is.  6d. 

124.  CONSTRUCTION  OF  BOOFS,  Treatise  on  the,  as  regards 
Carpentry  and  Joinery.  Deduced  from  the  Works  of  Robison,  Prick,  and 
Tredgold.    Illustrated,    is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  Richardson,  Architect.    Illustrated,    is.  6d. 

128.  VITRUVIUS -- THE     ARCHITECTURE     OF     MARCUS 

VITRUVIUS  PC  LLC.     In  Ten  Books.    Translated  from  the  Latin  hy 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.    With  23  Plates.    5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  Earl  op  Aberdeen,    is. 
*•*  Tht  two  Preceding  Works  tn  One  handsome  Vo/.,  half  bounds  entitled  "Kacmtr 

.  Architecture," /n«6x. 
16,  17, 18, 128,  and  130,  in  One  Vol.^  entitled  "  Ancient  and  Modern  Architbc* 

TURE,"  half  bounds  its, 

132.  DWELLING-HOUSES,  a  Rudimentary  Treatise  on  the  Erection 
of.  Illustrated  by  a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a 
pair  of  Semi-detached  Villas,  with  the  Specification.  Quantities,  and  Esti- 
mates, and  every  requisite  detail,  in  sequence,  for  thetr  Construction  and 
Finishing.    By  S.  H.  Brooks,  Architect.   New  Edition,  with  Plates.   2s.  6d.t 

156.  QUANTITIES  AND  MEASUREMENTS,  How  to  Calculate  and 
Take  them  in  Bricklayers',  Masons',  Plasterers*,  Plumbers*.  Painters',  Paper- 
hangers*,  Gilders*,  Smiths*,  .Carpenters',  and  Joiners'  Work.  By  A.  C. 
Beaton,  Architect  and  Survejror.  New  and  Enlarged  Edition.   HIob.    is.  6d. 

175.  LOCKVVOOD  6*  CO:S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK,  for  x88o.  conUinin^  the  latest  Prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  and  of  all  '1  rades  connected  with  Building :  Lists  of 
the  Members  of  the  Metropolitan  Board  of  Works,  of  Districts,  District 
Officers,  and  District  Surveyors,  and  the  Metropolitan  B3re-laws.  Edited  by 
Francis  T.  W.  Miller,  Architect  and  Surveyor.    3s.  6d. ;  half  bound,  4s. 

182.  CARPENTRY  AND  JOINERY— TnvL  Elementar^  Prin- 
ciples OF  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Tredgold,  C.E.  With  Additions  from  the  Works  of  the  most 
Recent  Authorities,  and  a  TREATISE  ON  JOINERY  by  E.  Wyndkam 
Tarn,  M.A.    Numerous  Illustrations.    3s.  6d.X 

i82*.  CARPENTRY  AND  JOINERY,  ATLAS  of  35  Plates  to 
accompany  the  foregoing  book.  With  Descriptive  Letterpress.  4to.  6s. ; 
dotili  boards,  7s.  6d. 

187.  HINTS  TO   YOUNG  ARCHITECTS,    By  George  Wight- 

wick.  New,  Revised,  and  enlarged  Edition.  By  G.  Uuskisson  Guillaume, 
Architect.     With  numerous  Woodcuts.    3s.  6d4 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING :  A  Practic.1l  Manual  of,  containing  full  information  on  the 
Processes  of  House-Painting,  the  Formation  of  Letters  and  Practice  of 
Sign-AVriting,  the  Principles  of  Decorative  Art,  a  Course  of  Elementary 
Drawing  for  House-Painters,  Writers,  Stc,  8tc.  With  9  Coloured  Plates  of 
Woods  and  Marbles,  and  nearly  150  Wood  Engravings.  By  Ellis  A. 
Davidson.  Third  Edition,  carefully  revised.  5s.  cloth  limp ;  6s.  cloth 
boards. 

189.  THE   RUDIMENTS    OF   PRACTICAL    BRICKLAYING, 

In  Six  Sections :  General  Principles ;  Arch  Drawing,  Cutting,  and  Setting ; 
Pointing ;  Paving,  Tiling,  Materials ;  Slating  and  Plastering ;  Practica 
Geometry,  Mensuration,  &c.    By  Adam  Hammond.    Illustrated,    is.  6d. 

191.  PLUMBING,  A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of 
the  Plumber.  With  Chapters  upon  House  Drainage,  embodjring  thA  latest 
Improvements.  Second  Edition^  enlarged.  Containing  300  Illustrations. 
By  W.  P.  BucHAN,  Sanitary  Engineer.    3s.  6d.t 

The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra, 
7,   STATIONERS'   HAU.  COURT,  LUDGKTB.  ^\.\A-^  ^*^* 
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Architecture,  Building,  etc.,  continued. 
192.  THE   TIMBER   IMPORTER'S,  TIMBER  MERCHANTS, 
and  BUILD£R*S  STANDARD  GUIDE ;  comprising  copious  and  rala- 
able  Memoranda  for  the  Retailer  and  Builder.    By  Richard  £.  Gramdt. 
Second  Edition,  Revised.    3s.t 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.     By 

J.  G.  Badknoch.    Illustrated  with  xs  full-page  Engravings  of  Examples,  it. 

206.  A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  includiog 

Church  Restoration.  With  the  Theory  of  Domes  and  the  Great  Pyraai^ 
and  Dimensions  of  many  Churches  and  other  Great  Buildings.  By  Sir 
Edmund  Bbckhtt,  Bart..  LL.D.,  Q.C,  F.R.A.S.,  Chancellor  and  vicai^ 
General  of  York.    Second  Edition,  enlarged,  4s.  6d.t-       {Juit  puiliiked. 


CIVIL  ENGINEERING,   ETC. 

13.  CIVIL  ENGINEERING,  the  Rudiments  of.  By  Hemrt 
Law,  C.E.,  and  Gborob  R.  Burnkll,  C.E.  New  Edition,  much  enlarged 
and  thoroughly  revised  by  D.  Kinnbar  Clark,  C.E.  .  {Nearly  ready. 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS.    By  G. 

Drysdalk  Dbmpsby,  C.E.  [New  EdiHan  in  pref^rmtwm, 

30.  THE  DRAINAGE  OF  TOWNS  AND  BUILDINGS.     By 

G.  Drysdalb  Dbmpsry,  C.E.    New  Edition.    Illnstrated.    as.  6d. 

31.  WELL-DIGGING,  BORING,  AND  PUMP' fVORK.    By  John 

GborobSwikdbll,A.R.I.B.A.  New  Edition,  by  G.R.Burnsll,C.£.   xs..6d. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE,  for 
Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of  Bridges. 
By  Gen.  Sir  John  Burgoynb,  Bart.,  K.C.B.    Illustrated,    xs.  6d. 

62.  RAILWAY  CONSTRUCTION,  Elementary  and  Practical  In- 
structions  on  the  Science  oC  Bv  Sir  M.  Stbphknson,  C.E.  New  Edition, 
bv  Edward  Nucbnt,  C.E.  With  Sutistics  of  the  Capital,  Dividends,  and 
Working  of  Railways  in  the  United  Kingdom.  By  E.  D.  Crattaway.  4s. 
8o«.  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 
Treated  as  a  Means  of  Profitable  Employment  for  Capital.  With  Examples 
and  Particulars  of  actual  Embankments,  and  also  Practical  Remarks  on  the 
Repair  of  old  .Sea  Walls.    By  John  Wiggins,  F.G.S.  .New  Edition,    ts. 

81.  WATER  WORKS,  for  the  Suppl;y  of  Cities  and  Towns.  With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in> 
fluencing  Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery 
for  raising  Water.    By  Samubl  Hughbs,  F.G.S.,  C.E.    New  Edition.    4s4 

117.  SUBTERRANEOUS  SURVEYING,  an  Elementary  and  Prac- 

tical Treatise  on.  By  Thomas  Fbnwick.  Also  the  Method  of  Conducting 
Subterraneous  Surreys  without  the  Use  of  the  Magnetic  Needle,  and  other 
Modem  Improvements.    By  Thomas  Bakbr,  C.E.    Illnstrated.    ss.  6d.t 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 

of.    By  David  Stevrnson,  F.R.S.E.,  &c.    Plates  and  Diagrams,    ts. 

197.  ROADS  AND  STREETS  (THE  CONSTRUCTION  OF), 
in  two  Parts:  I.  Thb  Art  of  Constructing  Common  Roads, by  Henry 
Law,  C.E.,  revised  and  condensed  by  D.  Kinnear  Clark,  C.E. ;  II.  Recbnt 
Practice,  including  pavements  of  Stone.  Wood,  and  Asphalte.  Second 
Edition,  revised,  by  D.  K.  Clark,  M.I.C.E.    4s.  6d.t 

203.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 
VILLAGES.  Comprising: — x.  Some  of  the  more  Common  Forms  ol 
Nuisance  and  their  Remedies ;  a.  Drainage ;  3.  Water  Supply.  A  useful 
book  for  Members  of  Local  Boards  and  Rural  Sanitary  Authorities,  Health 
Officers,  Engineers,  Surveyors,  &c.    By  Charles  Slagg,  A.I.C.E.    as.  6d.t 

212.  THE  CONSTRUCTION  OF  GAS-WORKS,  and  the  Manu- 
facture and  Distribution  of  Coal  Gas.  Originally  written  by  Samuel 
Hughbs,  C.E.  Sixth  Edition,  re-written  and  much  Enlarged  by  Wiluam 
Richards,  C.E.    With  72  Illustrations.    4s.  6d.t  \Just  published. 

211.  PIONEER  ENGINEERING.  A  Treatise  on  the  Engineering 
Operations  connected  w\X.Vi  ^i!i:iQ  ^cW\<&m«.tkt  oC  Waste  Lands  in  New  Coun- 
tries.   By   Edwxhd  "DoBso^t,  .K»oc.  \Ti*\-  C^'B..,  K\>!C&Kk\  «A  "Tljie  Art  of 

Building,"  &c.    a*-^-^ V^u^t  »n\>\uvta. 

7\€  t  iViffr— '-  ^A^r<lige^|ob^ma3>  be  Kod  sinmgly  bound  at^.  ext^^ 
LWDOT  :~CKOS^^   l^OCI^NVC^^    K^T.  c^,. 
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MECHANICAL  ENGINEERING,  ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Heavy  Bodies  for  the  Erection  of  Buildings,  and  for  Hoisting  Goods.  By 
Joseph  Glynn,  F.R.S.,  &c.    Illastrated.    xs.  6d. 

34.  THE  STEAM  ENGINE,  a  RudimenUry  Treatise  on.    By  Dr, 

Lardnbr.    Illastrated.    xs.  6d. 
59.  STEAM  BOILERS:  their  Construction  and  Management.    By 

R.  Armstrong,  C.E.    Illustrated,    xs.  6d. 
67.  CLOCKS,  WATCHES,  AND  BELLS,  a Rudimentaiy  Treatise 

00.  By  Sir  Edmund  Bbckbtt  (late  Edmund  Bbckbtt  Dbnison),  LL.D..  Q.C. 

A  New,  Revised,  and  considerably  Enlarged  Edition  (Uie  6th),  with  very 

numerous  Illustrations.    4s.  6d.  cloth  limp :  5s.  6d.  cloth  boards,  gilt. 
8a.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 

and  to  give  motion  to  Turbines  and  other  Hydrostatic  Engines.    By  Joseph 

Glynn,  F.R.S..  &c.    New  Edition,  Illustrated,    ss.} 
98.  PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 

Tools.    By  T.  Bakbr.  C.E.    With  Remarks  on  Tools  and  Machtneiy,  by 

J.  Nasmyth,  C.E.    Plates,    ss.  6d.} 
14.  MACHINERY,  Elementary  Principles  of,  in  its  Construction  and 

Working.    By  C.  D.  Abbl.  C.E.    xs.  6d. 
39.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theoiy 

o^  with  Rules  and  Examples  for  Practical  Men.   By  T.  Bakbr,  CE.    xs.  6^ 
62.  THE  BRASS  FOUNDER'S    MANUAL;    Instructions    for 

Modelling,    Pattern-Making,    Moulding,    Tumixur.     Filinr,    Burnishing, 

Bronsing,  ftc  With  copious  Keceipts,  numerous  Taoles,  and  Notes  on  Prime 

Costs  and  Estimates.    By  Waltbr  Graham.    Illustrated,    as.} 

64.  MODERN  WORKSHOP  PRACTICE,  as  appUed  to  Marine, 
Land,  and  Locomotive  Engines,  Floating  Docks,  Dredging  Machines, 
Bridges,  Cranes,  Ship-building,  &c.,  &c.  ByJ.G.  Winton.   Illustrated.  3s.t 

65.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 
Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.    By  J.  Armour,  C.E.     ss.  6d.t 

66.  POWER  IN  MOTION:  Horse-Power,  Toothed-Wheel  Gearing, 
Long  and  Short  Driving  Bands,  and  Angular  Forces.  By  J.  Armour,  ss.6d4 

67.  IRON  BRIDGETS,  GIRDERS,  ROOFS,  AND  OTHER 
WORKS.    By  Franqs  Campin,  C.E.    2s.  6d.| 

71.  THE  WORKMANS  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Engineer.  Fourth  Edition.  Illustrated 
with  7  Plates  and  nearly  350  Woodcuts.  1%.  6d./ 

90.   STEAM    AND    THE    STEAM  ENGINE,  Stationary    and 
Portable.    Being  an  extension  of  Mr.  John  Sewell's  "  Treatise  on  Steam." 
By  D.  K.  Clark,  M.I.C.E.    Second  Edition,  revised.    3s.  6d.| 
200.  FUEL,  its  Combustion  and  Economy.     By  C.  W.  Williams, 

A.I.C.E.  With  extensive  additions  on  Recent  Practice  in  the  Combustion 
and  Economy  of  Fuel— Coal,  Coke,  Wood,  Peat,  Petroleum,  Jkc—by  D.  K. 
Clark,  M.LC.E.    2nd  Edition.    3s.6d.t  [Just  Published. 

202.  LOCOMOTIVE  ENGINES.  By  G.  D.  Dhmpsey,  C.E. ;  with 
larM  additions  treating  of  the  Modem  Locomotive,  by  D.  Kinnbar  Clark, 

211.  THE  BoTlERMAKER'S  ASSISTANT  in  Drawing,  Tern- 
plating,  and  Calculating  Boiler  and  Tank  Work,  with  Rules  for  the 
Evaporative  Power  and  Uie  Horse  Power  of  Steam  Boilers,  and  the  Propor- 
tions of  Safety- Valves ;  and  useful  Tables  of  Rivet  Joints,  of  Circles, 
Weights  of  Aletals,  ftc.  By  John  Courtnbt,  Practical  Boiler  Maker. 
Edited  by  D.  K.  Clark,  C.E.    zoo  Illustrations,    as.        XJust  puhlished. 

216.  MATERIALS  AND  CONSTRUCTION;  A  Theoretical  and 
Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works  of  Con- 
struction. By  FRANas  Cammn,  C.E.,  Author  of  *'  Mechanical  Engineerine," 
«tc.,  &c.    ts.t  \Just  publuked. 

211.  SEWING  MACHINERY,  being    a  Practical    Manual  of  the 
Sewing  Machine ;  comprising  its  History  and  Details  of  its  Constna.ctxQ>^> 
with  full  Technical  Directions  for  the  Ad)\isidT\«  o\  ^^wxxv^t'^^^^^**"  _]5!1^ 
7.  W.  Urquhart,  C.E.,  Author  oi  "  B.\ectio-T2^Tiit;*  ^a^^^L^J^ST' 
IZ/nstrat/ons.     gs.t ^5ttt_fc*i^5^- 

TAs  t  indicates  thai  these  wU.  may  U  had  ttnmKh^^^^H^^fl^^:-^^^^ 
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SHIPBUILDING,   NAVIGATION,    MARINE 

ENGINEERING,  ETC. 

51.  NAVAL  ARCHITECTURE,  the  Rudiments  of;  or  an  Expoa- 
tion  of  the  Elementary  Principles  of  the  Science,  and  their  Practical  A|^i- 
cation  to  Naval  Construction.  Compiled  for  the  Use  of  Beginners.  F.y 
Jambs  Pkake,  School  of  Naval  Architecture,  H.M.  Dockyard,  Portsmondu 
Fourth  Edition,  corrected,  with  Plates  and  Diagrams,  ts.  6d4 
53«.  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE,  Elementary 
and  Practical  Principles  of  the  Construction  of.  By  Hakom  A.  Sommbr* 
FBLDT,  Surveyor  of  the  Royal  Norwegian  Navy.  WiUi  an  Appendix,  xs.  6d. 
53««.  AN  ATLAS  OF  ENGRAVINGS  to  Ulustrate  the  above.  Twelve 

laree  folding  plates.    Royal  4to,  cloth.    7s.  6d. 

54.  MASTING,  MAST^MAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentary  Treatise  on.  Also  Tables  of  Spars,  Rigging,  Blocks ;  Chain, 
Wire,  and  Hemp  Ropes,  he.,  relative  to  every  class  of  vessels.  With  an 
Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Royal  Navy.  By  Robekt 
Kjppino,  N.A.  Fourteenth  Edition.  Illustrated.  2s.t 
54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details 
for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  John  Grantham,  Con- 
suiting  Engineer  and  Naval  Architect.  sUi  Edition,  wiUi  Additions.  4s. 
54* ♦.  AN  ATLAS  OF  FORTY  PLATES  to  Illustrate  the  aborc. 
Fifth  Edition.  Including  the  latest  Examples,  such  as  H.M.  Steam  FriEates 
"Warrior,"  "Hercules,^'  " Bcllerophon ; "  H.M.  Txwp  Ship  "Sciapis," 
Iron  Floating  Dock,  &c.,  &c.    4to,  boards.    38s. 

55.  THE  SAILOR* S  SEA  BOOK:  a    Rudimentary  Treatise  on 

Navi^tion.  Part  I.  How  to  Keep  the  Log  and  Work  it  off.  Part  II.  On 
Finding  the  Latitude  and  Longitude.  By  Jambs  Grbbnwood,  B.A.  To 
which  are  added,  the  Deviation  and  Error  of  the  Compass ;  Great  Circle 
Sailing ;  the  International  (Commercial)  Code  of  Signals ;  the  Rule  of  the 
Road  at  Sea ;  Rocket  and  Mortar  Apparatus  for  Saving  Life ;  the  Law  of 
Stomis  ;  and  a  Brief  Dictionary  of  Sea  Terms.  With  numerous  Woodcuts 
and  Coloured  Plates  of  Flags.  New,  thoroughly  revised  and  much  enlar^rcd 
edition.    J<y  W.  H.  Kossbr.    as.  6d.t  [Ju^f^ubiuAeJ. 

80.  MARINE  ENGINES,  AND  STEAM  VESSELS,  a  Treatise 
on.  Tog;cthor  with  Practical  Remarks  on  the  Screw  and  Propelling  Power, 
as  used  in  the  Royal  and  Merchant  Navy.  By  Robbrt  Murray,  C.E., 
Engineer-Surveyor  to  the  Board  of  Trade.  With  a  Glossary  of  Technical 
lerros,  and  their  Equivalents  in  French.  German,  and  Spanish.  Seventh 
Edition,  revised  and  cnlarsred.  lUustratea.  3s4 
Sj^-ij.  THE  FORMS  OF  SHIPS  AND  BOATS:  Hints,  Experiment- 
ally  Derived,  on^  some  of  the  Principles  regulating  Ship-building.  By  W. 
Bland.  Seventh  Edition.  revised,with  numerous  Illustrations  and  Model$.is.6d. 
99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 
and  Practice.  With  Attempts  to  facilitate  the  Finding  of  the  Time  and  the 
Lond^itude  at  Sea.  By  J.  R.  Young,  formerly  Professor  of  Matlxematics  in 
Belfast  College.  Illustrated.  2s.  6d. 
lOO*.  TABLES  intended  to  facilitate  the  Operations  of  Navigation  and 
Nautical  Astronomy,  as  an  Accompaniment  to  the  above  Book.  By  J.  R. 
Yoi'NG.     IS.  6d. 

106.  SHIPS'  ANCHORS,  aTreatise  on.   By  G.  CoTSRix,  N.A.    is.  6d. 

149.  SAILS  AND  SAIL-MAKING,  an  Elementary  Treatise  on. 
With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Also,  Weights 
and  Sizes  of  Ropes  :  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  8cc.,  8tc. 
Eleventh  Edition,  enlarged,  with  an  Appendix.  By  Robbrt  Kjppi.ng,  NJV., 
Sailraaker,  Quavsidr,  Newcastle.     Illustrated.    2s.  6d.t 

155.  THE  ENGINEER'S  GUIDE  TO  THE  ROYAL  AND 
MERCANTILE  NAVIES.  By  a  Practical  Encinebr.  Re\-ised  by  D. 
F.  M'Carthy,  late  of  the  Ordnance  Survey  Office,  Southampton,  is. 
PRACTICAL  NAVIGATION,  Consisting  of  The  Sailor's 
Sea-Book.  By  James  Greenwood  and  W.  H.  Rossbr.  Together  with 
the  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
Problems.  By  Hknry  l-xw,  C.^.,  axv^  "J.  TS..  Yoi:no»  formerly  Professor  of 
Mathematics  in  BeUasl  CoWcftc.    v\\\xsVTa\cA.  Nn>3cv  Tv^m««i>x%'^  oicA 
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whale's  rudimentary  series. 


PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,  ETC. 

I.  CHEMISTRY^  for  the  Use  of  Beginners.    By  Professor  George 

FowNBS,  F.R.S.     With  an  Appendix  on  the  Application  of  Chemistry  to 

Agriculture,    is. 
a.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of;  for 

the  Use  of  Beginners.    By  C.  Tomlinson,  Lecturer  on  Natural  Science  in 

King's  College  School,  London.    Woodfcuts.    xs.  6d. 
4.  MINERALOGY^  Rudiments  of;  a  concise  View  of  the  Properties 

of  Minerals.    By  A.  Ramsay,  Jun.    Woodcuts  and  Steel  Plates,    js.t 

6.  MECIfANICS,  Rudimentary  Treatise  on;   being  a  concise  Ex- 

IMsition  of  the  General  Principles  of  Mechanical  Sciencei  and  their  Applica* 
tions.    By  Charles  Tomunson.    Illustrated,    zs.  6d. 

7.  ELECTRICITY;  showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.    By  Sir  W.  Snow 
Harris,  F.R.S.,  &c.     With  Additions  by  R.  Sabine.  C.E.,  F.S.A.    xs.  6d. 
7*.  GAL  VANISm,  Rudimentary  Treatise  on,  and  the  General  Prin- 
ciples of  Animal  and  Voltaic  Electricity.    By  Sir  W.  Snow  Harjus.    New 
Edition,  with  considerable  Additions  by  Kobsrt  Sabine,  C.E.,  F.S.A.   xs.  6d. 

8.  MAGNETISM ;  being  a  concise  Exposition  of  tiie  Greneral  Prin- 

ciples of  Ma^ctical  Science,  and  the  Purposes  to  which  it  has  been  applied. 
By  Sir  W.  Snow  Harris.  New  Edition,  revised  and  enlarged  by  H.  M. 
NoAO,  Ph.D.,  Vice-President  of  the  Chemical  Society,  Author  of  *'A 
Manual  of  Electricity,"  &c.,  &c.    With  165  Woodcuts.    3s.  6d4 

11.  THE  ELECTRIC  TELEGRAPH;  its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabinb,  C.E.,  F.S.A.    3s. 

12.  PNEUMATICS,    ioT    the     Use    of    Beginners.      By   Charles 

ToMLiNSON.    Illustrated,    xs.  6d. 
72.  MANUAL  OF  THE  MOLLUSCA  ;  a  Treatise  on  Recent  and 
Fossil  Shells.    By  Dr.  S.  P.  Woodward,  A.L.S.    Fourth  Edition.    With 
Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.     With  numerous  Plates  and  300 
Woodcuts.    6s.  6d.    Cloth  boards,  7s.  6d. 

li^**,  PHOTOGRAPHY,  Popular  Treatise  on;  with  a  Description  of 
the  Stereoscope,  &c.  Translated  from  the  French  of  D.  Van  Monckuovbn, 
by  W.  H.  Thornthwaite,  Ph.D.    Woodcuts,    xs.  6d. 

96.  ASTRONOMY.     By  the  Rev.  R.  Main,  M.A.,  F.R.S.,  &c. 

New  Edition,  with  an  Appendix  on  "  Spectrum  Analysis."  Woodcuts,  xs.  6d. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.  By  T.  Baker,  C.E.  xs.  6d. 
138.  TELEGRAPH,  Handbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks'  Remembrancer,  and  Guide  t«  Candidates  for  Employ- 
ment in  the  Telegraph  Service.  By  R.  Bond.  Fourth  Edition,  revised  and 
enlarged :  to  which  is  appended,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, and  PRACTICAL  TOLEGRAPHY,  for  the  Use  of  Students, 
by  W.  McGregor.  First  AssisUnt  Supnt,  Indian  Gov.  Telegraphs.    3s.t 

143.  EXPERIMENTAL    ESSAYS,      By    Charles    Tomlinson. 

I.  On  the  Motions  of  Camphor  on  Water.  II.  On  the  Motion  of  Camphor 
towards  the  Light.  III.  HistoryoftheModemlTieoryofDew.  Woodcuts,  xs. 

173.  PHYSICAL  GEOLOGY,  partiv  based  on  Major-General  Port- 

lock's  "Rudiments  of  Geology."  By  kALPH  Tate,  A.L.S.,«tc.  Woodcuts,  as. 

174.  HISTORICAL    GEOLOGY,    partly    based    on    Major-General 

Portlock's"  Rudiments."  By  Ralph  Tate,  A.L.S..  8cc.  Woodcuts,  as.  6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

fc        Historical.    Partly  based  on  Major-General  Portlock's  "Rudiments  </ 

X74.     Geology."    By  Ralph  Tate.  A.L.S.,  F.G.S.,  fcc.    In  One  Volume.  4s.  6d.t 

183    ANIMAL  PHYSICS,  Handbook  of.    JBy  Dr.  Lardner,  D.C.L., 

^        formerly  Professor  of  Natural   Philosophy  and  Astronomy  in   University 

g.        College,  Lond.   With  520  Illustrations.    InOneVoL    7s.  6a.,  cloth  boards. 

*  ^  %•  SoU  also  in  Two  Paris,  ax  follavix  :— 

iBj.     ANiifAL  Phvsics.    By  Dr.  Lardner.    Pattl.,C\ia.V^"c%\^-^>A,    *^. 

184.       ANlMAL_PUYSlCS^_By^^ 

TAg  t  induafes  thai  ihete  vols,  may  be  had  sirrmgly  hounia^^^-^^^^ 
7,   stationers'    HALL  COUKT,   L\3I>OK'^^  ^ttVV^* 


8  W£ALB*S  RUDIMENTARY  SERIES. 


MINING,    METALLURGY,    ETC. 

117.  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on.  with  and  without  the  Magnetic  Needle.  By  Thomas  Fbnwick, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.    Illustrated,    n.  6d.t 

133.  METALLURGY  OF  COPPER  ;  an  Intnxiuction  to  the  Methods 

of  Seeking,  Mining,  and  Assaying  Copper,  and  Manufacturing  its  Alloys. 
By  Robert  H.  Lamborn,  Ph.D.    Woodcuts.    2s.  6d.t 

134.  METALLURGY  OF  SILVER  AND  LEAD,     A  Description 

of  the  Ores ;  their  Assay  and  Treatment,  and  valuable  Constttnents.    By  Dr. 
R.  H.  Lamborn.    Woodcuts,    as.  6d.| 

135.  ELECTRO-METALLURGY;  PracUcally  Treated.     By  Alex- 

ander Watt,  F.R.S.S.A.    7th  Edition,  rerised,  with  important  additioos, 
including  the  Electro- Deposition  of  Nickel,  &c    Woodcuts.    ytX 

172.  MINING  TOOLS,  Manual  of.    For  the  Use  of  Mine  Managers, 
Afifcnts,  Students,  &c.    By  William  Morgans,    ss.  6d.t 
I72*   MINING  TOOLS,  ATLAS  of  Engravings  to  lUostrate  the  above, 
containing  235  Illustrations,  drawn  to  Scale.   4to.    4s.  6d. ;  cloth  boards,  6s. 

176.  METALLURGY  OF  IRON,  Containing  History  of  Iron  Mann- 
facture.  Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  Sec.  By  H.  Baubrman,  F.G.S.  4th  Edition.  4s.  6d4 

180.  COAL  AND  COAL  MINING^  A  Rudimentary  Treatise  on. 
By  Warington  W.  Smyth,  M.A.,  F.R.S.  Fifth  Edition,  revised  and 
enlarged.    With  numerous  Illustrations.    3s.  6d.t  \Juti  published, 

195.  THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  with  new  Traverse  Tables,  and  Descriptions  of  Inftoroved 
Instruments ;  also  the  Correct  Principles  of  Laying  out  and  Valuing  Minera' 
Properties.    By  William  Lintbrn,  Mining  and  Civil  Engineer,     is.  6d.} 

214.  A  TREATISE   ON  SLATE  AND  SLATE  QUARRYING, 

Scientific,  Practical,  and  Commercial.    By  D.  C.  Davibs.  F.G.S,  Mining 
Eneineer,  &c.    With  numerous  Illustrations  and  Folding  Plates*     x%X 

215.  THE  GOLDSMITHS  HANDBOOK,  containing   full  Instroc 


Second  Edition,  considerably  enlarged.    3S.t  IJusi  fubiisked. 

220.  THE  SILVERSMITWS  HANDBOOK,  containing  full  In- 
strucfions  for  the  Alloving  and  Working  of  Silver.   By  Gborgb  K.  Grb.   is.t 

219.  MAGNETIC  SURVjEYING,  AND  ANGULAR  SURVEY- 
ING,  with  Records  of  the  Peculiarities  of  Needle  Disturbances.  Compiled 
from  the  Results  of  carefully  made  Experiments.  By  Wiluam  Lintkrn, 
Mining  and  Civil  Engineer  and  Surveyor.    2s.  \^u*t  publiiked, 

FINE  ARTS. 
20.  PERSPECTIVE  FOR  BEGINNERS.  Adapted  to  Young 
'Students  and  Amateurs  in  Architecture,  Painting,  ftc.  By  Gborgb  Pynb.  tt. 
40  GLASS  STAINING  ;  or,  The  Art  of  Pamting  on  Glass.  From 
ic  the  German  of  Dr.  Gbssert.  With  an  Appendix  on  The  Art  of  Enamkl- 
^1  LING,  &c. ;  together  with  The  Art  of  Painting  on  Glass.  Jbrom  the 
^  *  German  of  Emanuel  Otto  Frombbrg.  In  One  Volume  2s.  6d. 
69.  MUSIC,    A    Rudimentary    and    Practical    Treatise    on.       With 

numerous  Examples.  By  Charles  Child  Spencer,  as.  6d. 
71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises &  l^essons.  From  the  Best  Masters,  by  Charlbs  Child  Spbncer.  is  #1. 
181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Afosaic,  Water  Colour,  Water-Glass,  Teznpera,  Encaustic.  Miniature, 
Painting  on  Ivory,  Vellum.  Pottery,  Enamel,  Glass,  8cc.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Guluck,  assisted  by 
John  Timbs,  F.S.A.    Fourth  Edition,  revised  and  enlarged.    55.^ 

186.  A  GRAMMAR  OF  COLOURING,  applied  to  DeeoraU?e 
Painting  and  ihe  Xits.  "Bj  G^ouc*  'SvKva,  "t^^^  Edition,  enlarged  and 
adanted  to  the  \3s©  ol  ^e  OttvwKietvXaXVivRXKt  vn.^\^i\^«x.  '^'j^xsja  A. 
Davidson.   WUYi  two  ng^  Co\o>«<A  T>\iL^:ra.m%,v.^.   -jyA 
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AGRICULTURE,  GARDENING,  ETC. 

29.  THE   DRAINAGE   OF  DISTRICTS  AND  LANDS,      By 
G.  Drtsdalb  Dkmpsby.  C.E.  [New  Edition  in  preparation, 

66.  CLAY   LANDS    AND    LOAMY    SOILS,       By    Professor 

Donaldson,    is. 
131.  MILLER'S,   MERCHANTS,  AND   FARMER'S  READY 
RECKONER,  for  ascertaining  at  sight  the  value  of  any  qnantibr  of  Com, 
from  One  Bushel  to  One  Hundred  Quarters,  at  any  given  price,  mim  1^1  to 
:^perQr.     With  approximate  values  of  Millstones,  Millwork,  ftc.    is. 

140.  SOILS,  MANURES,   AND  CROPS.    (Vol.   i.  Outunes  OF 

MoDSRN  Farming.)    By  R.  Scott  Burn.    Woodcuts,    as. 

141.  FARMING  6*  FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  s.Outunbs  of  Modern  Farming.)  By  R.  Scorr  Burn.  ts. 

142.  STOCK;    CATTLE,    SHEEP,    AND    HORSES,      (Vol.   '3. 

OuTUNSs  or  MoDSRN  Farming.)    By  R.  Scorr  Burn.  Woodcuts,    as.  6d. 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.     By 

R.  Scott  Burn.    With  Notes  on  the  Diseases  of  Stock.    (Vol.  4.  Outunes 
OP  Modern  Farming.)    Woodcuts,    as* 

146.  UTILIZATION     OF     SEWAGE,     IJtRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.    (Vol.  <.  Outlines  of  Modern 
Farming.)    By  R.  Scorr  Burn.    Woodcuts,    as.  oid. 
%*  Not.  Z40-i-a-5-6,  m  One  Vol.,  handsomely  half-bound,  entitled  "  Outlines  op 
Modern  Farming."    By  Robert  Scott  Burn.    Price  12s. 

177.  FRUIT  TREES,  The  Scientific  and  Profitable  Cnlture  of.  From 
the  French  of  Du  Brbuil.  Revised  by  Geo.  Glbnny.  187  Woodcuts,  ts.  6d.| 

198.  SHEEP;  THE  HISTOR Y,  STRUCTURE,  ECONOMY,  AND 
DISEASES  OF.  By  W.  C.  Spoonbr,  M.R.V.C,  &c.  Fourth  Edition, 
considerably  enlarged:  with  numerous  fine  engravings,  including  some 
specimens  of  New  and  Improved  Breeds.    366  pp.  3s.  6d.t 

201.  KITCHEN  GARDENING  MADE  EASY.  Showing  how  to 
Drepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every  known 
Vegetable  and  Herb,  with  cultural  directions  for  the  management  of  them  all 
the  year  round.  By  George  M.F.Glknnv,  Author  of  "Floriculture,"&c.  xs.6d.t 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organic 

tation  of  Farm  Labour:  Treating  of  the  General  Work  of  the  Farm ;  Field 
and  Live  Stock ;  Details  of  Contract  Work ;  Specialities  of  Labour ;  Econo- 
mical Management  of  the  Farmhouse  and  Cottage,  and  ^heir  Domestic 
Animals.    By  Robert  Scorr  Burn.    as.  6d.I  {Just  published, 

208.  OUTLINES  OF  LANDED  ESTATES  MANAGEMENT: 

Treating  of  the  Varieties  of  Lands  on  the  Estate ;  Peculiarities  of  its  Farms ; 
Methods  of  Farming ;  the  Setting-out  of  Farms  and  their  Fields :  the  Con- 
struction of  Roads,  Fences,  Gates,  and  the  various  Farm  Buildings ;  the 
several  Classes  of  Waste  or  Unproductive  Lands ;  Irrigation ;  Drainage, 
Plantation,  &c.    By  R.  Scorr  Burn.   as.6d.t  \Just  published, 

%*  Nos.  207  6^  ao8  m  One  Vol.,  handsomely  hall- bound,  entitled  **  Outunes  op 
Landed  Estates  and  Farm  Management.^  By  R.  Scorr  Burn.   Pn'ce  6s. 

209.  THE   TREE  PLANTER  AND  PLANT  PROPAGATOR  : 

Being  a  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 
Flowering  Shrubs,  Flowering  Plants,  Pot-Herbs,  he. ;  with  numerous  Illus- 
trations of  Grafting,  Layering,  Budding,  Cuttings,  &c.,  Useful  Implements, 
Houses,  Pits,  &c.   liy  Samuel  Wood,   as.t  [Just  published, 

210.  THE    TREE   PRUNER  :    Being  a  Practical  Manual  on  the 

Pruning  of  Fruit  Trees,  including  also  Uieir  Training  and  Renovation,  with 
the  Best  Method  of  bringnng  Old  and  Worn-out  Trees  into  a  State  of 
Bearing ;  also  treating  of  the  Pruning  of  Shrubs,  Climbers  and  Flowering 
Plants.    By  Samuel  WOOD,    as.t  [Just published. 

%*  Am.  209  &»  aio  in  One  Vol.,  handsomely  half -bound,  entitled  **Th%  Tree 
Planter,  Propagator  and  Pruner.'^    By  Samuel  Wood.    Price  5*. 
219.  THE  HA  Y  AND  STRA  W  MEASURER  :  Being  New  Tables 
for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers.  &c., 
being  a  complete  Calculator  and  Ready-Reckoner,  especially  adapted  to 
persons  connected  with  Agriculture.  Third  Edition.  By  John  Steele,  as. 
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ARITHMETIC,   GEOMETRY,  MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 

their  Construction  and  the  Methods  of  Testing.  Adjostine,  and  Usinf  tbem 
are  concisely  Explained.     By  J.  F.  Hxatrbr,  M.A.,  of  the  Rojral  Militazy 
Academy,  Woolwich.    Original  Edition,  in  i  vol..  Illustrated,    zs.  6d. 
*«*  In  ordtringtht  above ^  b* cartful  to  t^y,  "  Original  Ediiicn  "  {No.  3s),  to  dittiu' 
guitJk  a  from  ike  Enlarged  Edition  in  3  volt.  {Nos.  x68-9-70.) 

60.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on; 
with  all  the  Modem  Tmprovements.  Arranged  for  the  Use  of  Schools  and 
Private  Students ;  alto  tor  Practical  Land  Surveyors  and  Engineers.  By 
T.  Bakxr.  C.£.  New  Edition,  revised  hy  Edward  Nugbjit,  C.E.  Illus- 
trated with  Plates  and  Diagrams,    as.t    ' 

ti*.  READY  RECKONER  FOR  THE  ADMEASUREMENT  OP 
'LKS'D.  By  Abraham  Arman,  Schoolmaster,  Thurleigh,  Beds.  To  which 
is  added  a  Table^  showing  the  Price  of  Work,  from  as.  mL  to  j^x  per  acre,  and 
Tables  for  the  Valuation  of  Land,  from  zs.  to  £ifico  per  acre,  and  from  one 
pole  to  two  thousand  acres  in  extent,  ate.,  he.    xs.  6d. 

•Se.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  rrom  the  French  of 
G.  MoNGB.  To  which  is  added,  a  description  of  the  Principles  and  Practice 
of  Isometrical  Projection ;  the  whole  being  intended  as  an  introduction  to  the 
Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.  By 
J.  F.  Hbathbr,  M.A.    Illustrated  with  X4  Plates,    n, 

178.  PRACTICAL    PLANE    GEOMETRY:   giving   the    Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Hbathbr,  M.A.  With  2x5  Woodcuts,  ss. 

179.  PROJECTION :  Orthographic,  Topographic,  and  Perspective: 

giving  the  various  Modes  of  Delineating  Solid  Forms  by  Constructions  on  a 
ingle  Plane  Surface.    By  J.  F.  Hbathbr,  M  JL  [In  preparation. 

*»*  The  above  tkreo  volumes  will  form  a  Complbtb  Elbmbmtary  Coursb  or     \ 

Mathbmatical  Drawing. 

83.  COMMERCIAL  BOOK-KEEPING.  With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.  By  James  Haddox, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,    xs.  6d. 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Exaniplesfor  Practice.  For 
the  Use  of  Schools  and  for  Self- Instruction.  B;r  J.  R.  Youko,  late  Professor 
of  Mathematics  in  Belfast  College.    New  Edition,  with  Index,    xs.  6d. 

84*.,  A  Kby  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  Learners.    By  J.  K.  Young,    xs.  6d. 

85.  EQUA  TIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 
gc*.   Annuities,  Life  Assurance,  and  General  Commerce ;  with  various  Tables  by 

which  all  Calculations  may  be  greatly  facilitated.   By  W.  Hipslby.    as. 

86.  ALGEBRA,    the   Elements   of.      By  James  Haddon,  M.A., 

Second  Mathematical  Master  of  King's  College  School.  With  Appendix, 
containing  miscellaneous  Investigations,  and  a  Collection  of  Problems  in 
various  parts  of  Algebra,    as. 

86*.  A  Kby  and  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Exoedients 
necessary  in  Algebraical  Operations.  Especially  adapted  for  Self-Instruc- 
tion.   By  J.  R.  Young,    xs.  6d. 

88.  EUCLID,  The  Elements  of  :  with  many  additional  Propositions 

80.     and  Explanatory  Notes :  to  which  is  prefixed,  an  Introductory  Essay  on 
^      Logic.    By  Hbnry  Law,  C.E.    as.  6d4 

*«*  Sold  alto  xeparately^  Vit»  .*— 

88,  EucUD,  The  First  Three  Boo\a.   ■B^'ft«.HVc'i-k»,C.:8..  i.-^.^^.. 

89,  Euclid,  BookB  A.  5. 6, 11,  i».  ^^^a^^^-^^^N^^C.^.  ^%.^. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued, 

9a  ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS, 
a  Rudimentary  Treatise  on.  By  Jambs  Hank,  late  Mathematical  Master  of 
King's  College  School,  London.  A  New  £dition,  re-written  and  enlarged 
by  jT  R.  YouNO,  formerly  Professor  of  Mathematics  at  Belfast  College.    2s.t 

91.  PLANE    TRIGONOMETRY,  the    Elements    of.     By  James 

Hann,  formerly  Mathematical  Master  of  King's  College,  London,    zs.  6d. 

92.  SPHERICAL  TRIGONOMETRY,  the  Elements  of.    By  James 

Hamn.    Revised  by  Charles  H.  Dowuno,  C.E.    is. 
%•  Or  wtik  "  The  Elements  of  Plane  Trigtmomeiry,"  in  One  Volume,  zs.  6d. 

93.  MENSURATION  AND  MEASURING,  for  Students  and  Prac 

tical  Use.  With  the  Mensuration  and  Levelling  of  Land  for  the  Purposes  ot 
Modem  Engineering.  By  T.  Baker,  C.E.  New  Edition,  with  Corrections 
and  Additions  by  E.  Nugent,  C.E.    Illustrated,    is.  6d. 

loi*.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS, and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.  Entirely  New  Edition,  revised  and  considerably  enlarged.  By 
W.  S.  B.  WooLHOUSE,  F.R.A.S.  \ln  ike  Press. 

102.  INTEGRAL   CALCULUS,  Rudimentary  Treatise  on  the.     By 

HoMBRSHAM  Cox,  B.A.    Illustrated,    zs. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.    By  Jambs  Hann, 

late  of  King's  College,  London.    Illustrated,    zs. 
loi.  DIFFERENTIAL  CALCULUS,  Elements  of  the.    By  W.  S.  B. 

WooLHOusE,  F.R.A.S^  &c.    IS.  6d. 
\Ql.  MNEMONICAL    LESSONS.  — Geouetky,    Aloebia,    and 

Trigonometry,    in    Easy  Mnemonical   Lessons.      By  the   Rev.  Tuomas 

Pbnyngton  Kirkmav,  M.A.    xs.  6d. 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 

Instruction.  By  James  Haddon,  M.A.  Revised  by  Abraham  Arman. 
xs.  6d. 

137.  A  Key  to  Haodon's  Rudimentary  Arithmetic.    By  A.  Arman.    is.  6d. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.    Includ- 

ing — I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
aura  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement  and  for 
Arithmetical  Computations.  By  J.  F.  Heather,  M.A^  late  of  the  Royal 
Military  Academy.  Woolwich,  Author  of  "  Descriptive  Geometry,"  &c.,  &c. 
Illustrated,    xs.  6a. 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especially)  Tele- 

scopes.  Microscopes,  and  Apparatus  for  producing  copies  of^Maps  and  Plans 
by  Photography.    By  J.  F.  Heather,  M.A.    Illustrated,    is.  Od. 

170.  SURVEYING    AND   ASTRONOMICAL    INSTRUMENTS. 

Including — I.  Instruments  Used  ior  Determining  the  Geometrical  Features 
ofa  portion  of  Ground.  II.  Instruments  Employra  hi  Astronomical  Observa- 
tions.   By  J.  F.  Heather,  M.A.    Illustrated,    xs.  6d. 
'«*  7il«  above  three  volumes  form  an  enlargement  of  ike  Author's  original  work. 
"  Mathematical  Instruments:  their  Construction,  Adjustment,  Testing,  and  Use^ 
the  Thirteenth  Edition  of  which  is  on  sale,  price  is.  6d.  (See  No.  32  in  the  Series.) 

t(A.\  MATHEMATICAL  INSTRUMENTS.    By  J.  F.  Heather, 

169.  >  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re^wntten.  The  3  Parts  as 
170.^  above,  in  One  thick  Volume.  With  numerous  Illustrations.  4**  6d.t 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  containing 
lull,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
nnexampled  rapidity  and  accuracy.  By  Charles  Hoare,  CE.  With  a 
Slide  Rule  in  tuck  of  cover,    as.  6a.  t 

185.  THE  COMPLETE  MEASURER  ;  setting  forth  the  Measure- 
ment  of  Boards,  Glass,  &c.,  &c. ;  Unequal-sided,  Square-sided,  Octa^nal- 
sided,  Round  Timber  and  Stone,  and  Standing  Timber,  with  a  Table 
showing  the  solidity  of  hewn  or  eight-sided  timber,  or  of  anv  octagonal- 
sided  column.  Compiled  for  Timber-growers,  Merchants,  ana  Surveyors. 
Stonemasons,  Architects,  and  others.  By  Richaho  iIo^xqu,  XVsckA. 
Edition,  with  valuable  additions.    ^».;  »ttOTi4Vj\io>xTw^va.\ea&«x,«>« 

"jiy  TAe  t  indicates  that  these  vols  .  may  be  had  iirfmtly  bcuiiA  at  ^»  **^^^ 
7,   STATIONERS'  HALL   COUKT,  LMDGKT^  YOV^i  ^"^^ 
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Arithmetic,  Geometry,  Mathematics,  etc,  continued. 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES; with  Tablet  of  Logarithms  for  the  more  DiflScnlt  Compatationf  of 
Interest,  Discount,  Aannities,  ftc.  By  FiooR  Tboman,  of  the  Soci£t£  Cr££t 
M<^iUer,  Paris.    i».t 

199.  INTUmVE  CALCULATIONS;  or,  Easy  and    Compendious 

Methods  of  Performing  the  varioos  Arithmetical  G^ieratioos  required  io 
Commercial  and  Business  Transactions ;  together  with  Full  Explanations  of 
Decimals  and  Duodecimals,  several  UsdFol  Tables,  and  an  Eramination  and 
Discussion  of  the  best  Schemes  iat  a  Decimal  Coinage.  J^  Daiinx 
O'GoRiiAN.  Twenty>fifth  Edition,  corrected  and  enlarged  by  J.  K*  YooM^ 
formerly  Professor  of  Mathematics  in  Belfut  College.  y^X 
204.  MATHEMATICAL  7:<4^Z£5,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations ;  to  which  is  prrazed  a  Treatise  on  Logarithms. 
By  Henry  Law,  C.E  Together  with  a  Series  of  Tables  for  Kavintioa 
and  Nautical  Astronomy.  By  J.  R.  Youno,  formeriy  Professor  of  Maths- 
flsatics  in  Belfast  Coll^ce.    New  Edition.    3s.  6d.t 


MISCELLANEOUS    VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  ustd  in  ARCHITBCTURB, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHM- 
OLOGY,  the  FINE  ARTS,  &<.  By  John  Wrals.  Fifth  EdiUon.  Reriscd 
by  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records.  Numerous  lUos- 
trations.    5s.  cloth  limp ;  6s.  clou  boards. 

SO.  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER. 
VICES,    By  David  Gibbons.    Third  Edition,  enlarged,    js.t 

112.  MANUAL  OF  DOMESTIC  MEDICINE.  By  R.  GooDiHO, 
B.A.,  M.D.  Intended  as  a  Family  Guide  in  all  Cases  of  Accident  and 
Emergency,    as.t 

II2».  MANAGEMENT  OF  HEALTH     A  Manual  of  Home  and 
Personal  Hygiene.    By  the  Rer.  James  Baird,  B»A..    is. 

150.  LOGIC,  Pure  and  Applied.     By  S.  H.  Emmsns.     is.  6d. 

152.  PRACTICAL  HINTS  FOR  INVESTING   MONEY.    With 

an  Explanation  of  the  Mode  of  Transacting  Business  on  the  Stock  Exchange. 
By  Francis  Playford,  Sworn  Broker,    zs.  6d. 

153.  SELECTIONS    FROM    LOCKE'S    ESSAYS    ON     THE 

HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Euuens.    as. 

154.  GENERAL  HINTS  TO  EMIGRANTS,    ConUining  Notices 

of  the  various  Fields  for  Emifration.  With  Hints  on  Preparation  §m 
Emigrating,  Outfits,  &c.,  &c.  With  Directions  and  Recipes  useful  to  the 
Emigrant.    With  a  Map  of  the  World,    as. 

157.  THE  EMIGRANTS  GUIDE  TO  NATAL.  By  RoBKRT 
Jambs  Mann,  F.R.A.S.,  F.M.S.  Second  Edition,  carefully  corrected  to 
the  present  Date.    Map.    as. 

193.  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  forlhe 

Guidance  of  Officers  Preparing  for  Promotion,  and  especially  adapted  to  Uie 
requirements  of  Beginners.  By  Major  W.  W.  KNOLL YS,  F.R.G.S.,  93rd 
Sutherland  Highlanders,  8cc.    With  163  Woodcuts.    3S.t 

194.  THE  HOUSE   MANAGER:  Being  a  Gnide  to  Housekeeping. 

Practical  Cookerj^,  Pickling  and  Preserving,  Household  Work.  Dairy 
Management,  the  Table  and  Dessert,  Cellarage  of  Wines,  Home>brewing 
and  Wine<makin^,  the  Boudoir  and  Dressing*room,  Travelling,  Stable 
Economy,  Gardening  Operations,  Sec.    By  An  Old  Housbkbspbr.    3s.  6d.| 

194.  HOUSE  BOOK  {The).  Comprising:—!.  The  House  Manager. 
112.     Bv  an  Old  HousEKBBPER.    IL  Doukstic  Medicine.    By  Ralph  Goodino, 

o.       M.D.    III.  MxMXOYViYWt  ov  Health.    By  James  Baird.     In  One  Vol., 

^^    strongly  hali-bound.   ^ 

\12^, 

TIU  X  indicaiti  thai  these  vols,  may  he  had  »tv<mgly  bound  at  <A.  >xt^a> 

LONDON  :   CKOSI^^    U^^^OOT^   *^^  ^^- 


WEAL&'S   EDUCATIONAL  A^D  CLASSICAL  SERtES.  I3 

EDUCATIPyAL  AITO  CLASSICAL  SERIES. 

HISTORY. 

I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Orisnn  and  Progress  of  the  English  Constitution.  By 
WiLUAM  Douglas  Hamilton,  F.S.A..  of  Her  Majesty's  Public  Record 
Office.    4th  Edition,  revised.    5s. ;  cloth  boards,  (Ss. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Douglas  Hamilton. 
of  University  College,  London,  and  Edward  Lbvikn,  MJ\..,  of  B^liok 
College,  Oxford.    2s.  6d. ;  cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Levibn,  of  Balliol  College,  Oxford.  Map,  as.  6d. ;  cl.  bds.  3s.  6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  oi  the  World  to  the  Conclusion  of  the  Franco-German  War. 
The  Continuation  by  W.  D.  Hamilton,  F.S.A.    3s. ;  cloth  boards,  3s.  6d. 

»        50.  Dates  and  Events  in  English  History,  for  the  use  of 

I  Candidates  in  Public  and  Private  Examinations.    By  the  Rev.  E.  Rand.    is. 

,    ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

I  With  an  Introduction  to  the  Study  of  Comparative  Philology.    By  Hyde 

i  Clarks,  D.C.L.  Fourth  Edition,    zs.  6d. 

II*.  Philology :  Handbook  of  the  Comparatiye  Philology  of  English, 
Anglo-Saxon,  Frisian,  Flemish  or  Dutch,  Low  or  Piatt  Dutch,  High  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portug:uese  Tongues.    By  Hydb  Clarke,  D.C.L.    is. 

12.  Dictionary  of   the  English    Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hyde  Clarke,  D.C.L. 
3s.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  (;s.6d. 

48.  Composition  and  Punctuation,  familiarly  Explained  for 
those  who  have  neglected  the  Study  of  Grammar.  By  Justin  Brenan. 
X7th  Edition,    is.  6a. 

49.  Derivative  Spelling-Book :  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Si>anisb, 
and  other  Languages ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  RowBOTHAM,  F.R  JV.S.    Improved  Edition,    is.  6d. 

51.  The  Art  of  Extempore  Speaking :  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  7th  Edition,  carefully  corrected.  2s.6d, 


52.  Mining  and  Quarrying,  with  the  Sciences  connected  there- 
with. First  Book  of,  for  Schools.  By  J.  H.  Collins,  F.G.S.,  Lecturer  to 
the  Miners'  Association  of  Cornwall  ana  Devon,    is. 


53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.    By  the  Rev.  Edgar  Rand,  B.A.    is. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.    To  which  is  prefixed,  a  Brief  Treatise  upon  Modem  Chemical  Nomencia- 
ture  and  Notation.    By  Wm.  W.  Pink  and  George  E.  Webster.    2s. 

THE    SCHOOL    MANAGERS'    SERIES   OF   READING 

BOOKS, 

Adapted  to  the  Rcauirements  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  Grant, 
Kcrtor  of  Hitcham,  and  Honorary  Canon  of  Ely;  formerly  H.M.  Inspector 
of  Schools. 

Introductory  Primer,  3^/. 


s.  d. 

First  Standard     .       .06 
Second      „  ..0x0 

Third        „  .       .    x    o 


1.    d. 

Fourth  Standard  .  .  .  x  2 
Fifth  „  ,       .       .    i      6 

Sixth  „  ,       .       .    x      6 

Lessons  FROM  THE  Bible.    Part  I.    Old  Testament,    is. 

Lessons  from  the  Bible.     Part  II.    New  TciXa,Tcw«vv\.^ ^a '^^v^vk^^A*^ 

The  Geography  of  the  BiBLK,ioT  very  "S^^^V^^^^'^*  ^''^^•^L 
Thorwto.v  Forster.     is.  2d.    •/  Or  i\iie*Iv»oV^T\v«vOt^N^«^l^ 


7.    STATIONERS*  HALlT  C0\3RT,  \AJI>0KT^  \a\3-^  ^-^^ 
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FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  tbe 

Genders  of  French  Nonns.    By  G.  L.  Strauss,  Ph.D.    11.  6d. 

25.  French-English  Dictionary.    Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  fcc.    By  Alfrbd  Elwss.    is.  6d. 

26.  English-French  Dictionary.    Bv  Alfrsd  Elwes.    2s. 
25,26.  French  Dictionary  (as  above).    Complete,  in  One  Vol.,  js.; 

cloth  boards,  3s.  6d.    \*  Or  with  the  Grammar,  cloth  iMMuds,  4s.  6d. 
47.  French   and    English    Phrase   Book :    containing  Intro- 

dactory  Lessons,  with  Translations,  several  Vocabularies  of  Words,  a  Col- 
lection  of  suitable  Phrases,  and  Easy  Familiar  Dialogues,    is.  6d. 

GERMAN. 

39.  German  Grammar.      Adapted   for   English   Students,  fiom 

Ue3rse's  Theoretical  and  Practical  Ununraar,  by  Dr.  G.  L.  Strauss,    is. 

40.  German  Reader :  A  Series  of  Extracts,  carefully  cuUed  from  the 

most  approved  Aathors  of  Germany;  with  Notes,  Philological  y"^  Ex- 
planatory.    By  G.  L.  Strauss,  Ph.D.    zs. 

41.  German  Triglot  Dictionary.     By  Nicholas  Esterhazt 

S.  a.  Hamilton.    Parti.  English-German -French,    is. 

42.  German    Triglot    Dictionary.      Part  IL   German-French- 

English,    xs.  

43.  German  Triglot  Dictionary.      Part  m.   French-German- 

English,    zs. 

41-43.  German  Triglot  Dictionary  (as  above),  in  One  Vol.,  3s.; 

cloth  boards,  4s.    *•*  Or  with  the  Gbrmam  Grammar,  cloth  boards,  5s. 

ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Coune 

of  Exercises.    By  Ajlfrbd  Elwss.    xs.  6d. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfrkd  Elwss. 
Vol.  z.  Italtan-£|ngIish-French.    as.  6d. 

30.  Italian    Triglot    Dictionary.      By  A.  Elwes.      Vol.  a. 

English-French-Italian.    as.  6d. 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwes.    Vol.  3. 

French -Italian -English,    as.  6d. 

28,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol.,  7s.  6d. 

ja.      Cloth  boards. 

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.    With 

a  Course  of  Exercises.    By  Alfrbd  Elwbs.    xs.  6d. 

35.  Spanish-English   and    English-Spanish    Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Minine*  Engineering,  &c., 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfrhd  Elwbs. 
48. ;  cloth  boards,  58.    *,*  Or  with  the  Grammar,  clDth  boards,  69. 

55.  Portuguese   Grammar,   in    a  Simple  and  Practical    Form. 

With  a  Course  of  Exercises.    By  Alfrbd  Elwbs.    xs.  6d. 

56.  Portuguese-English   and    English-Portuguese    Dic- 

tionary, with  the  Genders  of  each  Noun,    By  Alfrbd  Elwbs. 

__^  [/«  preparation. 

HEBREW. 
46».  Hebrew  Grammar.    By  Dr.  Bresslau.    is.  6d. 
44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical; 

containing  t\\o  Hebrew  and  Chaldcc  Roots  of  the  Old  Testament  Pwt- 
Rabbinical^Writrng*.  Ti7l>t.'R^iLS&\J«,  ^a.  •^^  Or  with  the  Grammar,  ?«• 

46.  English  and  HelQT€i^T>VcXVoTv;«;^.J&^;c>t.^^»s^^       ^ 
44^6.  Hebrew  DiclioTvar^  V^  ^\^N€^,mTn,oN^>y^.^^^^W,^ 
a6*.      the  Grammar,  c\ot\iV»o^tAst^": ■ 
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LATIN. 

19.  Latin  Grammar.    Containing  the  Inflections  and  Elementaiy 

Principles  of  TransUtton  and  Constraction.  My  the  Rev.  Thomas  Goodwim, 
M^.,  Head  Matter  of  the  Greenwich  Proprietary  School,    is. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thoicas  Goodwin, 

M.A.      2S. 

22.  English-Latin   Dictionary;  toeetherwith  an  Appendix  of 

French  and  Italian  Words  which  have  thetr  origin  from  the  Lattn.     By  tho 
Rev.  Thomas  Goodwin,  M.A.    is.  6d. 
20,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. ; 

cloth  boards,  4s.  6d.    \*  Or  with  the  Grammar,  cloth  boards,  ss.  6d. 

LATIN  CLASSICS.    With  Explanatory  Notes  in  English. 
ic  Latin  Delectus.    Containing  Extracts  from  Classical  Authon, 
with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Yocno.    is. 

2.  Caesaris  Commentarii  de  Bello  Gallico.  Notes,  and  a  Greographical 

Register  for  the  Use  of  Schools,  by  H.  Youno.    as. 

3.  Cornelius  Nepos.    With  Notes.    By  H.  TouNO.    is. 

4.  Virgilii  Maronis  Bncolica  et  Georgica.  With  Notes  on  the  Baco- 

Upt  by  W.  RusHTON,  M.A.,  and  on  the  Georgics  by  H.  Youno.    is.  6d. 

5.  Virgilii  Maronis  JEneis,    With  Notes,  Critical  and.  Explanatoiy, 

by  H.  Youno.  New  Edition,  revised  and  improved.  With  copions  Addi- 
tional Notes  by  Rev.  T.  H.  L.  Lsary,  D.C.L.,  formerly  Scholar  ot  Brasenose 
College,  Oxford.    3s. 

5* Part  I.    Hooks  i.— vi.,  is.  6d. 

5** Part  2.    Books  vii.— xii.,  as. 

6.  Horace;  Odes,  Epode,  and  Carmen  Saecnlare.     Notes  by  H. 

Young,    is.  6d. 

7.  Horace;  Satires,  Epistles,  and  ArsPoetica.  Notes  by  W.  Brown* 

RJGO  Smith,  M.A.,  F.R.G.S.    is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Tngnrthinnm.  Notes,  Critical 

and  Explanatory,  by  W.  M.  Donnx,  B.A.,  Trin.  Coll.,  Cam.    is.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.    With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    is.  6d. 

10.  Terentii  Adelphi,  Hccyra,  Phormio.  Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davixs,  M.A.    as. 

11.  Terentii  Eunuchos,  Comoedia.   Notes,  by  Rev.  J.  Dayiis,  M.A. 

IS.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.    Edited,  with  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
Jambs  Davibs,  M.A.    is. 

13.  Ciceronis    Orationes    in    Catilinam,  Verrem,   et   pro    Archia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  Lbary,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford. 
IS.  6d. 

14.  Ciceronis  Cato  Major,  Lselius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brownrigo  Smith, 
M.A.,  F.R.G.S.    ss. 

16.  Livy :  History  of  Rome.  Notes  by  H.  Youno  and  W.  B.  Smith, 

M.A.    Part  i.    Books  i.,  ii.,  is.  6d. 
i6*. Part  a.    Books  iii.,  iv.,  v.,  is.  6d. 

17.  Part  3.    Books  xxi.,  xxii.,  1$.  6d. 

19.  Latin  Verse  Selections,  from  Catnllns,  Tibullus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donnb,  M.A.,  Trinity  College,  Cambridge,    as. 

20.  Latin  Prose    Selections,  from  Yarro,  Columella,  Yitruvius, 

Seneca,  Quintilian,  Floras,  Velleius  Patercnlus,  Yalerius  Maximns  Soeto- 
nius,  Apuleiuj,  &c.    Notes  by  W.  B.  Donnb,  M.A.    as. 

21.  Juvenalis  Satirae.    With  ProVc^omtiia.  wA  ^^\.»>opi'^*'^-'^' 

Escort,  B.A.,  Lecturer  on  Logic  at  lL\ntf%Co\\e^p&,VwtAQi^>    %:^» 

7,  stationers'  hall  court,  L\3I>0KT^  'ftW^*'*  ^"^ 


i6        weale's  £ducatiokal  and  classical  s£:ri£s. 
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GREEK.  i 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Flulo>  ■ 

logical  Researches  of  the  most  eminent  Scholars  of  our  own  day.    By  Hass  < 
Clai'db  Hamilton,    is.  6d.  ' 

15,17.  Greek  Lexicon.  Containing  all  the  AVords  in  General  Use,  irith  ** 

their  Significations,  Inflectinnn,  and  Doubtful  Quantities.  By  Hbnrt  X. 
Hamilton.  Vol.  i.  Greek-English,  2S.  61I. ;  Vol.  2.  English-Greek,  as.  Or 
tho  Two  Vols,  in  One,  4s.  &d. :  cloth  boards,  ss. 

i4.i5.Gre<Ac  Lexicon  (as  above).    Complete,  with  the  G&AMMAS.in 

1 7.  One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.    With  Explanatory  Notes  in  English. 
I.  Greek  Delectus.    Containing  Extracts  from  Classical  Authoit,     ' 

with  Gencalogic-d  Vocabularies  and  Explanatory  Notes,  by  H.  VouNC  New 
Edition,  with  an  improved  and  enlarged  .Supplementary  Vocabulary,  by  lOHJi 
Hutchison,  M. A.,  of  the  High  School.  Glasgow.    js.'6d. 

2,  3.  Xenophon*s  Anabasis ;  or,  The  Retreat  of  the  Ten  Thonsaad. 

Notes  and  a  Geographical  Register,  by  H.  Young.  Part  1.  Books  i.  to  iii., 
IS.    Part  2.  liooks  iv.  to  vii.,  xs. 

4.  Lucian's  Select  Dialogues.    The  Text  carefullv  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  Young,    xs.  6d. 
5-12.  Homer,  The  Works  of.    According  to  the  Text  of  Baeumlein. 
With  Notes,  Critical  and  Explanatory,    drawn  from  the  best  and  latest 
Authoriti'^s,  with  Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
Lkakv,  M.A.,  D.C.L. 
Tub  Iliad  :         Tart  x.   Hooks  i.  to  vi.,  xs.6d.        Part  3.  Books  xiii.  to  zvlii.,  xs.  6d. 
Part  2,  Hooks  vii.to  xii.,  xs.od.       Part  4.   Rooks  xix.  to  xxiv-,  is.  £d. 
Tub  Odvssbv.   l»art  i.   Hooks  i.  to  vi..  xs.  6d         Part  3.  Books  xiii.  to  xviii.,  is.  6d. 
i*art  2.   Hooks  vii.to  xii.,  xs.6d.       Part  4.  Hooks  xix.   to  xxiv.,  and 

Hymns,  2!c. 
13.  Plato's  Dialogues:  The  Apology  of  Socrates,  the  Crito,  and 
thi*  Ph.-r(lo.  From  the  Text  of  C.  F.  Hbkmann.  Edited  with  Notes.  Critical 
and  Explan.itory,  by  the  Kev.  James  Davies,  M..\.  ss. 
14.17.  Herodotus,  The  History  of,  chiefly  alter  the  Text  of  Gaisford. 
With  IVeliminan'  Ob&er\'ations  and  Appendices,  and  Notes,  Ciitical  and 
Explanatory, bv  T.  H.  L.  Lbaky,  M.A.,  IXC.L. 

Pait  x.    lto<iks  i.,  ii.  (The  Clio  and  Eutenic),  2s. 

]*.irt  2.    Piuoks  iii.,  iv.  (The  Thalia  and  ^lelpomeneV  ts. 

Part  3.    Hooks  v.-vii.  (The  Terpsichore,  Erato,  and  Polrmnia),  tt. 

Part  4.    Hooks  viii.,  ix.  (The  Urania  and  Calliopi*)  and  Index,  is.  fid. 

18.  Sophocles:  CEdipus  Tyrannus.    Notes  by  II.  YouKO.     is. 

20.  Sophocles:  Antigone.  From  the  Text  of  Dindorf.  Notes, 
Crilital  and  Eznlanaton',  by  the  Rev.  John  Milxrr,  B.A.    as. 

23.  Euripides :  Uecuba'  and  Medea.  Chiefly  from  the  Text  of  DiX- 
iioHF.  With  Notes,  Critical  and  Explanatory,  by  W.  Hrow.vrigg  Smiik, 
M.A.,  F.R.G.S.    xs.  Cd. 

26.  Euripides:  Alccstis.    Chiefly  from  the  Text  of  Dindorf.  With 

Notes.  Critical  and  Explanatory',  by  John  Mii.nkr,  H.A.     xs.  Cd. 
30.  .^schylus:  Prometheus  Vinctus  :  The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Kev.  Jambs  Daviks.  M.A.    is. 

32.  uGschylus :  Scptem  Contra  Thebes  :  The  Seven  against  Thebes. 

From  the  Text  of  Dinporf.  Editod,  with  En^^lish  Notes,  Critical  and  Ex- 
pKinatory,  by  the  Rev.  James  Davibs,  M.A.    xs. 

40.  Aristophanes :  Ach.imians.    ('hiefly  from  the  Text  of  C.  H. 

Wkisb.    With  Note*,  by  C.  .S.  T.  Townsiien'd,  M.A.    m.  6J. 

41.  Thucydides:  History  of  the  Pcloponnesian  War.    Notes  by  H.    " 

YoL'NG.     Hook  X.     !«• 

42.  Xenophon's  Panegyric  on  Agesilaus.    Notes  and  Intro- 
duction by  1.l.  F.>N.3yv.A\T.  \».<x\. 

Hrascnosc  CoUcftc,  Ox^ovA.    x^.  ^\. 

CROSBY  LOCKWOOD    AND   CO..  1. 


